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Foreword 



It is somewhat paradoxical that in a period of human history when 
scientific progress proceeds at an accelerated pace, there is also growing 
concern regarding the health and effectiveness of international coopera- 
tion in science and technology (S&T) . Even though science is by its very 
nature international, its increasing importance in the life of nations and 
in the international relations between them has given rise especially in 
the economic and political climate of the early 1980s to frictions and 
difficulties. These circumstances led the National Research Council in 
1983 to examine the state of S&T cooperation among selected in- 
dustrialized countries, mainly members of the Organisation for 
Economic Co-operation and Development.* 

It was recognized from the outset that focusing on this group of na- 
tions would exclude from consideration other important international 
relationships (e.g., East-West or North-South cooperation). But time 
and resource constraints did not permit the adoption of the more ra- 
tional and desirable comprehensive approach. Instead, this project was 
viewed as merely the first, preliminary step in a continuing effort to ex- 
amine and make more widely known the characteristics of and con- 
straints on the entire global system of S&T relationships. 



regarding the continued effectiveness and appropriateness of the ex- 
isting infrastructure for international scientific cooperation and of the 
benefits that such an involvement confers. To be responsive to these 
concerns, we felt it necessary to consider the historical bases of interna- 
tional cooperation and target some case histories of success and failure. 
But we also looked at future needs to the extent that they could be an- 
ticipated and considered whether institutional machinery existed (or 
could be developed) to satisfy them. 

Staff members of the Office of International Affairs organized a work- 
ing conference of scientists, engineers, and S&T administrators, drawn 
from academia, professional societies, industry, foundations, and 
government, whose purpose was to consider specifically how the inter- 
national role of the United States in science and technology had 
changed in recent decades. We were fortunate to have on hand a group 
of experienced and enthusiastic participants. The topic seemed indeed 
timely and significant. 

Commissioned papers, which were prepared by authors with in- 
timate experience in a wide array of activities in the realm of interna- 
tional cooperation, provided a solid base for the discussions. The 
roundtables proved stimulating; they contributed to the mutual educa- 
tion of those present and emphasized the need for the education of 
broader relevant publics. 

This workshop and its proceedings are only a start. There are many 
important pieces of the mosaic of international S&T cooperation that 
have yet to be examined, and there is much that yet remains to be done 
to arrive at a commonly accepted rationale for international coopera- 
tion in science. But a rationale alone will not suffice; we must learn to 
evaluate cooperative arrangements both multilateral and bilateral 
for their mutual benefits and maintain them in a flexible and healthy 
condition. 



WALTER A. ROSENBLITH 

Foreign Secretary, National Academy of Sciences 

Chairman, Office of International Affairs 
National Research Council 
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Introduction 



A distinctive feature of U.S. participation in international science and 
technology (S&T) is its diversity. Individual scientists and engineers, 
universities, private corporations, and governments all are involved, 
along with the National Academy of Sciences and the National 
Academy of Engineering, professional societies, and private founda- 
tions. Such cooperation is arranged and conducted by individuals and 
managed largely by governments through both bilateral and multilat- 
eral channels, although international organizations and private non- 
governmental organizations also play an important role. These ar- 
rangements cut across a broad spectrum of scientific and technological 
research activities. 

Despite the fact that the strength of U.S. participation in interna- 
tional S&T cooperation derives from its complexity and variety (and, of 
course, its quality), relatively little attention has been devoted to under- 
standing the strengths and weaknesses of this largely ad hoc network. 
The paucity of systematic attention to the subject is particularly regret- 
table in the present climate, given the increasing cost of high-quality 
research projects (particularly in Big Science), the fiscal constraints 
operative in both the public and private sectors, and the various 
political exigencies that often make cooperation difficult. This research 
project was initiated in January 1983 by the Office of International Af- 
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pates in international cooperative science and technology projects with 
other Western industrialized countries. It was recognized from the 
outset that this focus excludes a substantial amount of cooperation that 
occurs through East-West and North-South channels,-but such a limita- 
tion was necessitated by the time and resource constraints under which 
the study was implemented. It was also acknowledged early on that 
these same constraints would not permit a detailed consideration of the 
principal mode for cooperation on the development of technology 
namely, the industrial research sector although the volume does in- 
clude a paper on this subject. These issues presumably will be addressed 
in a subsequent phase of the study. 

The project was implemented by OIA staff through six separate activ- 
ities, many of which were undertaken in parallel. These included (1) a 
comprehensive review of existing literature on U.S. participation in in- 
ternational S&T cooperation and the development of an annotated bib- 
liography; (2) the identification and commissioning of case studies of 
successful U.S. bilateral and multilateral S&T cooperation; (3) the 
design and implementation of a survey and selected personal interviews 
with more than 125 individuals in the U.S. government, academia, 
private industry, and elsewhere on present conditions and future needs 
in international S&T cooperation; (4) the development of staff 
background papers describing the framework of U.S. international 
S&T cooperation with selected industrialized countries and cataloguing 
the views expressed in the survey of the science and engineering com- 
munities; (5) organization of a 2-day workshop involving more than 70 
invited participants and observers; and (6) the preparation of the pres- 
ent volume. 

The workshop, which was held in September 1983, opened with in- 
troductory remarks by Dr. Frank Press, president of the National Acad- 
emy of Sciences (NAS), who noted that involvement in international 
scientific cooperation had had a profound effect on the development of 
his own career. Press recalled his early days as a student and junior re- 
search scientist, when he saw the value of exposure to the textbooks and 
literature emanating from the great European scientific centers. Later, as 
science adviser to President Carter, he remembered seeing firsthand the 
importance of scientific relations with both industrialized and devel- 
oping countries. He also cited his frustration during this period over the 
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science and technology in U.S. international relations during the next 
10- 15 years. The new force driving this change will be an acceleration in 
the progress of science in many different fields and a growing awareness 
of the central importance of science in the advancement of the human 
condition. Thus, the question of scientific and technological relations 
between nations becomes especially timely. 

The scope and specific objectives of the meeting were then set forth 
by Professor Walter A. Rosenblith, foreign secretary of the National 
Academy of Sciences, who began by noting that the history of U.S. in- 
volvement with international science dates back to Benjamin Franklin 
and Thomas Jefferson. One hundred years ago, thousands of scientists 
were mobilized in approximately 50 observations stations for the Inter- 
national Polar Year. More recently, of course, the International 
Geophysical Year (IGY) saw an even larger mobilization of interna- 
tional science involving scientists from 67 countries. Countless other ex- 
amples of bilateral and multilateral cooperation undertaken both 
through governmental and nongovernmental channels come easily to 
mind. 

Rosenblith suggested that we are presently at a particularly interest- 
ing point in history, given the progress of science over the past 50 years. 
For example, there have been great unheavals in the physical sciences, in 
the ocean and space sciences, and in the health and life sciences, to name 
just a few. While the size of the scientific community has exploded, so 
too has the size of the higher education establishment. There are about 
350,000 foreign students in the United States today, and foreign na- 
tionals now play increasingly important roles in teaching and research 
in our institutions of higher learning, especially in engineering. We are 
faced with a major intellectual migration perhaps a million people on a 
global scale which will influence international cooperation for years 
to come. 

Rosenblith pointed to the Great Depression as the beginning of the 
period of accelerated growth in the size of the scientific community. 
During this time, national and international nongovernmental 
organizations (NGOs) came into being to satisfy the need for coordina- 
tion and facilitation of cooperative international scientific efforts. The 
International Council of Scientific Unions (ICSU) was created in 1931, 
and its first president was the American astronomer George Ellery Hale. 
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framework of bilateral or multilateral agreements. Because nongovern- 
mental organizations depend very substantially on governments for 
their operating resources, the mix or relation between them and govern- 
ments is a critical dimension of international cooperation. The scope 
and dynamics of cooperative ventures will depend on the scientific and 
technical fields involved, the time scale of the efforts, and the ability to 
mobilize the required expertise and human resources. Clearly the 
outlook will differ for multiyear programs on a global scale compared to 
short-term laboratory experimentation involving special facilities. 

If we want to look toward the future, Rosenblith said, it is indispens- 
able to examine the "ecology" of international cooperation in science 
and technology. It is necessary to depict the complex array of institu- 
tions, cooperative agreements, cooperative programs, etc., that has 
evolved and to see how political, economic, and other considerations 
influenced that ecology. The U.S. scientific and technological establish- 
ment has been aware that it must be accountable within the larger na- 
tional political process; international S&T projects must find their own 
mode of accountability. But the time constants for payoffs in science 
and in politics often are quite different. Thus, Rosenblith argued, if the 
budget process is to recognize a commitment to long-range, higher-risk 
international cooperation something which is clearly problematic 
from a political point of view then the scientific community must 
make a special effort to be more communicative to the relative publics. 
It must recognize that international cooperation is becoming "en- 
crusted" with a great number of exogenous political constraints, in- 
cluding limitations on technology transfers for foreign policy and na- 
tional security reasons. 

The present volume begins with a general framework under which 
the motivations for and the objectives of U.S. international S&T coop- 
eration with selected industrialized countries may be analyzed and un- 
derstood. This is followed by groups of workshop papers organized by 
the substantive topics to which they bear relevance. 

The first section considers the domestic basis for U.S. S&T coopera- 
tion, including an overview analysis by Eugene B. Skolnikoff of the 
problems in the U.S. government organization and policy process for 



modalities, including papers by Clemens A. Heusch on U.S. participa- 
tion at CERN, John S. Perry on the Global Atmospheric Research Pro- 
ject, G. Ross Heath on the International Phase of Deep Sea Drilling, and 
William J. Gartland, Jr., on the development of safety guidelines for 
recombinant DNA research. 

The next section focuses on the competing objectives and pressures 
that impact upon U.S. S&T policy. Included here is an analysis by 
Philip W. Hemily of recent trends in the mobility of young scientists and 
engineers into and out of the U.S. research system. 

The final section of the volume concerns future international S&T co- 
operation. The concluding thoughts of the workshop participants are 
presented, along with an afterword by Victor Rabinowitch, Executive 
Director of the NRC Office of International Affairs. A series of appen- 
dixes then follows, summarizing the results of an OIA staff opinion 
survey and presenting brief biographies of paper authors, a workshop 
agenda, a list of workshop participants, and an annotated bibliography 
of relevant literature. 

The contribution of OIA staff members Carol Picard and Mary Lee 
Schneiders to the production of this volume is gratefully acknowl- 
edged. Special thanks are also extended to Mary Martha Treichel, for 
her management of the opinion survey and assistance with the work- 
shop, and to Wendy White, for her bibliographic research. 
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A Framework for Analysis 

Mitchel B. Wallerstein 



The decade of the 1980s has witnessed a renewed interest in interna- 
tional scientific cooperation and the forces that shape U.S. participa- 
tion. Enhanced appreciation of science as a national resource, of the 
value of cost/ task sharing in large or expensive projects, of technolog- 
ical advances in telecommunications and travel, and of constrained 
opportunities for younger scientists are some of the factors that have 
become central topics of international science and technology (S&T) 
policy discussions. At the same time, science and technology have be- 
come increasingly important as instruments of foreign policy. 

U.S. policy on international S&T cooperation must take account of 
opposing and, often, irreconcilable pressures. On the one hand, the 
constraints on domestic resources and growing scientific excellence 
abroad suggest strongly the need for the U.S. to enter into cooperative 
arrangements with other technically advanced nations. Yet, on the 
other, foreign policy imperatives and concerns about the loss of pro- 
prietary information to potential competitors or security-sensitive in- 
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arranged privately oy individuals to large multinational projects or 
programs funded and arranged either directly by governments or 
through international organizations on their behalf. 

The form of cooperation best suited for any particular S&T initia- 
tive is determined by a wide range of factors, often varying according 
to the nature and historical traditions of the scientific field, prevailing 
economic and/ or political constraints, and other factors. Among the 
considerations that are involved are the following: (1) the nature and 
frequency of the information to be exchanged, (2) the length of time 
for which cooperating scientific personnel must interact, (3) the extent 
to which the problem lends itself to a division of labor and the relative 
scientific strength of the cooperating partners, (4) the relative eco- 
nomic strength of the cooperating partners, (5) the type and cost of 
facilities involved, (6) the degree to which global coordination is re- 
quired (e.g., the model of the International Geophysical Year), and (7) 
the extent to which national security or proprietary concerns or other 
sovereign prerogatives are involved. 1 The form of a particular cooper- 
ative activity evolves as the result of discussion, consultation, and the 
historical pattern of collaboration among interested parties. 

The type of international cooperation favored in one discipline may 
be quite different from that favored by another. A survey of National 
Science Foundation (NSF) program managers found, for example, 
that certain modes of cooperation were cited with greater frequency in 
some disciplines than in others. The results of the survey are summa- 
rized in Table 1 . 

Scheinman 2 has noted that the overall record of international coop- 
eration among technologically advanced countries appears to favor 
bilateral channels, especially when something more than the exchange 
of personnel and information is involved. On the other hand, multila- 
teral channels seem to be favored for agreements emphasizing infor- 
mation exchange. This latter category also includes nongovernmental 
contacts such as those initiated through the International Council of 
Scientific Unions (ICSU) and its disciplinary member unions. 

The motivations for intergovernmental cooperation are extremely 
diverse. On the most general level of national policy, international 
S&T cooperation is supported in pursuit of both symbolic and utilitar- 
ian goals. Symbolic goals are essentially political, involving consider- 
ations of prestige, political influence, propaganda, and national secu- 
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larly in the case of research facilities or instrumentation requiring sub- 
stantial amounts of capital. 

2. Concept Development formal cooperation can build on the 
invisible colleges of science to speed the identification and exploitation 
of new research approaches. 

3. Acceleration of New Technologies. 

4. Enhancement of Scientific and Engineering Competence a 
particular concern at the end of World War II. 

5. Political Considerations S&T cooperation may provide an at- 
tractive means of projecting national influence or of encouraging 
other forms of contact between nations (e.g., the United States-Peo- 
ple's Republic of China bilateral S&T agreements, Antarctica). 

Clearly, U.S. policy has encompassed all of these objectives at various 
times, although the emphasis accorded to each has shifted over the 
years. 

In the period immediately following World War II, a chief U.S. con- 
cern was the rebuilding of the European science apparatus which had 
been largely disrupted or destroyed. U.S. assistance was particularly 
important in some of the faster moving disciplines such as molecular 
biology and high energy physics. During the 1950s, the United States 
supported a number of initiatives to promote international S&T coop- 
eration, some of which were intended further to promote the redevel- 
opment of European scientific infrastructure and some to benefit the 
United States itself. These included U.S. support for the creation of 
the specialized technical agencies of the UN, such as the World 
Health Organization (WHO) and the UN Educational, Scientific, and 
Cultural Organization (UNESCO). Later in the decade, the United 
States was instrumental in an effort, launched through the NATO Sci- 
ence Committee, to establish an International Institute of Science and 
Technology. 6 

Perhaps the most enduring example of U.S. involvement in interna- 
tional S&T cooperation during this period was the organization in 
1957-1958 of the ICSU-sponsored International Geophysical Year 
(IGY), involving representatives of 67 countries with worldwide net- 
works or surveys in 14 scientific disciplines in all aspects of the earth's 
environment. The IGY opened up the Antarctic and initiated the space 
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gave rise to additional cooperative research efforts (e.g., the Global 
Atmospheric Research Program, or GARP). 

By the 1960s, European science had become largely self-sufficient, 
and the United States was experiencing a retrenchment in its own 
R&D budget. The result was that, for the first time, a substantial num- 
ber of young American scientists were receiving European support for 
their work in European labs. With the dawning of the era of East- West 
detente in the late 1960s and early 1970s science and technology agree- 
ments became favored instruments of both symbolic and instrumental 
diplomacy. Conversely, the end of the detente era during the Ford ad- 
ministration witnessed the curtailment or cancellation of many of 
these same bilateral S&T arrangements. 

The post-oil crisis (1973) "stagflation" that has afflicted the entire 
Organisation for Economic Co-operation and Development (OECD) 
community since the early 1970s has had a dampening effect on the 
willingness and capacity of the United States and other technically ad- 
vanced countries to undertake new international S&T activities. One 
manifestation has been a changing demography in the academic job 
market, which has created a reluctance on the part of young American 
researchers to leave the country for extended periods to participate in 
scientific exchanges. The decline in the number of Ph.D. s undertaking 
foreign postdoctoral study in the period since 1971 is apparent in the 
data presented in Table 2. 

U.S. policy since the mid-1970s regarding international S&T coop- 
eration has remained at cross purposes. Europe and Japan are no 
longer "weak sisters" requiring U.S. capital and technical infusions; 
they are strong and sophisticated economic competitors. At the same 
time, growing alarm has been expressed regarding the potential loss of 
militarily sensitive scientific and technological information as a result 
of various international S&T contacts. 7 In many fields, this concern 
also involves the potential loss of proprietary data, due to the reduced 
time delay between basic research and commercial application. 

Yet, there are also trends toward increased levels of cooperation. 
These have been particularly in evidence since the 1982 economic 
summit at Versailles, France, at which the heads of state agreed to 
study the most fruitful areas for collaboration in various scientific and 
technological areas. The subsequent report, produced under the direc- 
tion of Tacaues Attali of France, identified 17 snerifir rooneraHvp 



TABLE 2 Ph.D.s With Firm Commitment for Foreign Postdoctoral Study 
at Time of Degree Award, 1967 to 1979 





Total 
Number 


Percent of Number to Percent of 
All Ph.D.s Western Europe All Ph.D.s 


1967 


249 


1.4 


191 


1.0 


1968 


226 


1.1 


161 


0.8 


1969 


271 


1.2 


174 


0.8 


1970 


325 


1.2 


204 


0.8 


1971 


430 


1.5 


267 


1.0 


1972 


368 


1.2 


227 


0.7 


1973 


255 


0.9 


145 


0.5 


1974 


228 


0.8 


129 


0.5 


1975 


250 


0.9 


150 


0.5 


1976 


239 


0.8 


136 


0.4 


1977 


201 


0.7 


119 


0.4 


1978 


195 


0.6 


113 


0.4 


1979 


236 


0.8 


139 


0.4 


TOTAL 


3,473 




2,155 





SOURCE: Office of Scientific and Engineering Personnel, National Research Council 



ceived formal approval at the 1983 economic summit at Williams- 
burg, Virginia. Since that time, multi-national working groups in each 
of the 17 areas have been functioning with varying degrees of success. 
Despite the lack of major accomplishments to announce at the most 
recent summit in London, England, all seven governments (plus the 
Commission of the European Economic Community) formally en- 
dorsed continuation of the exercise. There was even discussion of as- 
signing the projects' steering committee, which consists of top level 
science advisors, a more prominent role in international affairs. This 
could involve a range of activities from giving collective advice to 
heads of government to becoming a channel for negotiating interna- 
tional agreements on major scientific facilities. If such a role were to 
materialize, the steering committee could well supplant the OECD as 
the principal international channel for science policy discussions. 8 

CURRENT FORMS OF U.S. 
INTERNATIONAL PARTICIPATION 
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1982 annual report of the Office of Science and Technology Policy 
stated, 

. . . international cooperation is not synonymous with Federally sponsored co- 
operation. American scientists and engineers cooperate in a great many interna- 
tional ventures often through the universities or the industrial firms that employ 
them in which the Federal Government acts, at most, as a facilitator. 9 

Other evidence suggests, however, that the U.S. government con- 
tinues to maintain interest in cooperative activities (witness, for exam- 
ple, the recent U.S. -India bilateral S&T agreement). This is further 
demonstrated in the NSF FY 1984 budget for international cooperative 
scientific activities ($12.9 million), which represents a 30.3 percent in- 
crease over the FY 1983 budget for this category ($9.9 million). 10 

Intergovernmental Organizations 

Many pressing global problems can be handled only by organiza- 
tions with global representation. The United States and other nations 
that contribute substantial resources to international organizations 
such as UNESCO, WHO, or the International Oceanographic Com- 
mission (IOC) have found multinational channels useful as a means of . 
promoting international cost burden sharing and of facilitating activi- 
ties, individual scientific contacts, and access to research localities 
that, for political reasons, would not be feasible on a bilateral basis. 11 
On the other hand, supranational organizations UNESCO chief 
among them have become increasingly politicized in recent years, of- 
ten on issues having little to do with their stated mission and in a man- 
ner that is inimical both to U.S. interests and the general health of 
international science. Moreover, many of these organizations are 
characterized by large bureaucracies where progress occurs slowly 
and where resources may be used inefficiently. 

Growing dissatisfaction with the operation of UNESCO was brought 
sharply into focus on December 28, 1983, when Secretary of State 
George P. Shultz informed the organization's director-general, Ama- 
dou Mahtar M'Bow, of the intention of the United States to withdraw 



that they have served the political purposes or member states, rather than the 
international vocation of UNESCO. 12 

Both the Shultz letter and subsequent public statements by senior ad- 
ministration officials including the President himself left open the 
possibility that the United States would reverse its decision if certain 
changes were made in the tone and substance of UNESCO's work, and 
if the budgetary and management shortcomings were resolved. 

Leaders of the U.S. science community met during the months fol- 
lowing the announcement to consider what, if anything, could be 
done to encourage the administration not to implement its announced 
decision. While it was generally agreed that the science-related activi- 
ties of UNESCO are not the primary source of the difficulties within 
the organization, it was also recognized that those supporting contin- 
ued multilateral scientific cooperation have only limited influence on 
the larger political process and must therefore wait for the right target 
of opportunity before acting. 

Whatever the ultimate outcome of the U.S. policy regarding 
UNESCO, it would appear unlikely for the foreseeable future that the 
United States will further expand the level of its multinational S&T 
participation, since it continues to maintain serious political reserva- 
tions about the effective use of such resources. On the other hand, 
given the global, interconnected nature of many current S&T prob- 
lems, the United States is equally unlikely to disengage further from 
the world research system. 

Regional multilateral arrangements are another common channel 
for promoting S&T cooperation. The United States has been a strong 
supporter of the NATO Science Committee, which has promoted the 
advance of basic science through the mobility of scientific personnel, 
and of the Committee for Scientific and Technological Policy of the 
Organisation for Economic Co-operation and Development (OECD). 
In both cases, the principal functions are education and information 
exchange, which were the principal emphasis of U.S. multilateral S&T 
cooperation before 1973. 13 - 14 Also, in both cases U.S. participation 
contributes to its broader foreign policy agenda (national security in 
the former case and economic development in the latter). 

The United States has, in addition, supported other types of multi- 
lateral cooperative arrangements that have circumvented some of the 
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today in the cooperative arrangement between ICSU and WHO for 
the World Climate Research Program. U.S. scientists have figured prom- 
inently in the development and implementation of both programs. 



Bilateral Agreements 

In 1982, the United States had approximately three dozen formal 
bilateral S&T agreements in force. 15 When these formal arrangements 
are combined with other bilateral mechanisms such as interacademy 
exchanges, joint commissions, and informal (National Science Foun- 
dation- or Agency for International Development-sponsored) ar- 
rangements and interagency memoranda of understanding, total U.S. 
bilateral S&T relationships number many hundreds. Certainly no 
form of cooperation is more explicitly political; agreements have 
sometimes been developed primarily in order to give visiting heads of 
state something to sign at the conclusion of a visit. On the other hand, 
some bilateral agreements tend to continue in effect long after the con- 
ditions that created the need for them have changed, because termina- 
tion may be politically difficult. For example, the United States main- 
tains a bilateral arrangement with Japan based largely on the technical 
and economic circumstances which existed at the end of World War II. 

In most cases, the central function of bilateral arrangements is to 
serve as a symbolic means of winning or maintaining support with 
friendly governments. Moreover, the U.S. decision in the wake of the 
Soviet invasion of Afghanistan to scale back U.S. -Soviet bilateral 
S&T relations demonstrates that other types of symbolic messages 
also can be sent in this fashion. 



Nongovernmental Organizations 

Given the predominant values of science that transcend national 
identity i.e., objectivity, neutrality, replicability, generation of new 
knowledge, etc. it is not surprising that some of the more successful 
examples of international cooperation are nongovernmental in na- 
ture. The principal venue for nongovernmental S&T arrangements is 
ICSU, an autonomous federation consisting of 20 disciplinary scien- 
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International Research Council to reflect the growing importance of 
the scientific unions. Its dual national and scientific membership is 
unique within the international field. In addition, ICSU has provided 
an important infrastructure over the ensuing years for nongovern- 
mental scientific cooperation, including organization of the aforemen- 
tioned International Geophysical Year (IGY) and its successor pro- 
grams: in space, Committee on Space Research (COSPAR); the 
oceans, Scientific Committee on Oceanic Research (SCOR); Antarc- 
tica, Scientific Committee on Antarctic Research (SCAR); and the 
biosphere, International Biological Program (IBP), to name a few. 

The ICSU family of activities represents an important infrastructure 
for cooperation initiated and conducted directly by the scientific com- 
munity. The U.S. membership in ICSU is exercised by the National 
Academy of Sciences (NAS) via a network of U.S. national commit- 
tees (USNCs) located within the disciplinary units of the NRC and 
drawing on the participation and cooperation of a wide range of pro- 
fessional societies. Support for annual membership dues is sought 
from the federal government, and many of the U.S. contributions to 
international collaborative research programs occur with government 
support. ICSU is constrained both by administrative and funding limi- 
tations and is currently in the process of reexarnining its role and func- 
tions. Nevertheless, its existence serves as an extremely important sci- 
entific counterbalance to the explicitly political types of bilateral 
cooperation. 

Besides serving as the host institution for the USNCs of ICSU, the 
NAS and its research arm, the National Research Council also par- 
ticipate directly in international cooperative S&T activities through 
agreements with counterpart organizations in other countries. Among 
the types of agreements that the NAS may initiate are the following: 
(1) informal agreements with counterpart institutions aimed generally 
at fostering friendly relations and greater scientific interaction, (2) for- 
mal exchange agreements with counterpart institutions which are usu- 
ally negotiated with or through government organizations, (3) agree- 
ments aimed at strengthening the capabilities of scientific organi- 
zations in developing countries, and (4) arrangements in which the 
Academy complex plays a role in government-to-government agree- 
ments. There are currently academies of science (or corresponding or- 

,-.-,-, , -, 1-^ ,-,-.,-. \ ,',-. s^vmr* "71"* f*n,mt-vlnr* ni Tirl-iis^U OA ^ >./-> "\nr*r^t-nA i-n I* At , <-t...J -.1 



son), as a new prototype for international cooperation on pressing 
global problems. Because the charter dictates that a nongovernmental 
organization must represent each member nation, the institute is os- 
tensibly nonpolitical in nature. Nevertheless, due to a combination of 
internal and external factors, the U.S. government withdrew NSF 
funding in 1981. In the absence of U.S. financial support for its in- 
volvement, the National Academy of Sciences, which was the U.S. 
national member organization, resigned its membership. Subse- 
quently, the American Academy of Arts and Sciences established a 
mechanism to support U.S. membership in HAS A, seeking funds from 
nongovernmental agencies in the United States. The decision to with- 
draw NSF support also has had negative ramifications beyond the 
context of IIASA. It has raised serious questions about the viability of 
nongovernmental organizations involved in international S&T coop- 
eration that must depend, even indirectly, on government funding. 

Industrial Cooperation 

Another promising channel for future nongovernmental S&T coop- 
eration is direct contacts between two or more industrial firms. While 
most arrangements of this sort focus on applied research and joint de- 
velopment, some basic scientific research also is supported. Among 
the major objectives of and motivations for industrial S&T coopera- 
tion are: (1) exchange of information to promote modernization and/ 
or new product development, (2) pooling of technical talent and/or 
financial resources across national boundaries to facilitate projects 
that otherwise would be prohibitive, (3) conservation of resources to 
avoid unnecessary duplication and provide economies of scale, and 
(4) preservation of market share. 16 

The frequency of private-sector technical cooperation, while still 
relatively low, is increasing. A survey of announced private technical 
cooperation agreements conducted in 1980 found that at least 78 such 
contacts were made in that year, involving either research and devel- 
opment or collaboration on the development of new products or pro- 
cesses. The survey also revealed, however, that two-thirds of the 
agreements were in just two industries electronics and aircraft. Co- 
operation agreements in other manufacturing technologies remain rel- 
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tion, a future increase in industrial contacts may reduce the need to 
build additional international S&T infrastructure at public expense. 

Individual Cooperation 

In the final analysis, the most basic and enduring channel of inter- 
national S&T cooperation remains at the level of the individual scien- 
tist or engineer. There is a rich sociological literature on the so-called 
"invisible colleges" of science 19 that function informally through cor- 
respondence, telecommunications, and personal contacts and visits. 
Most would agree that this is the very lifeblood of scientific progress. 
On a more formal level, individual S&T cooperation takes place 
chiefly through short- or long-term academic exchanges and fellow- 
ships, student-teacher relationships, attendance at international con- 
ferences and meetings, joint authorship of scientific literature, and 
collaborative research projects. Data monitored by the NSF indicate a 
decline since the mid-1970s in U.S. foreign participation in interna- 
tional meetings and U.S. postdoctoral study abroad, and only very 
modest increases in the authorship levels of U.S. international cooper- 
ative research in the period between 1973 and 1980. (In fact, the 
United States and Japan continue to maintain the lowest levels of coop- 
erative international authorship among the major OECD countries.) 20 

These trends may be explained in part by the increased costs of for- 
eign travel at a time when travel budgets are no longer growing. For 
example, due to inflation and rising costs, most of the Fulbright 
awards made to U.S. scholars working in Western Europe in recent 
years have been only partial grants for periods of less than 9 months. 
In academic year 1982-1983, only 38 percent of the awards were for 
the full academic year; of this group, only 38 percent were fully 
funded. However, Fulbright scholars in scientific disciplines, who re- 
ceived 34 percent of the research awards made from 1978 to 1982, 
have been somewhat more successful than those in the humanities or 
social sciences in identifying supplemental sources of support. 21 

U.S. postdoctoral fellows cite a number of additional factors for not 
considering further study outside the United States; these are listed in 
Table 3. Among the most frequently mentioned are the inadequacy of 
funding, poor support by the hosts, and language problems. The lack 



Interchange by U.S. Postdoctoral Students 

Inadequate funding 27% 

Poor administration or staff support by hosts 25% 

Language problems 23 % 

Quality of foreign scholars 16% 

Inadequate scholarly /scientific facilities 14% 

Nationalism 9% 

Inadequate personal facilities 9% 

^Duplicate answers included in tabulation. 
SOURCE: Ladd-Lipset (1977) data on foreign travel of scientific personnel. 



of career advancement rewards also continues to be a factor in such 
decisions. Moreover, there has been mounting pressure on scientists 
and engineers working in research areas with potential national secu- 
rity or proprietary applications to be more circumspect in the open 
and immediate dissemination of state-of-the-art information. 22 De- 
spite these pressures, the consensus both within and outside of the 
government is that individual scientific contacts and the dissemina- 
tion of ideas and research results, all of which occur primarily within 
the academic context, must continue unimpeded if scientific and tech- 
nological progress is to be maintained. 23 

ASSESSMENT OF COSTS, BENEFITS, AND EFFECTIVENESS 

The historical record of U.S. participation in various forms of inter- 
national cooperation in S&T reveals, in the aggregate, a pattern of 
steady and rather impressive expansion through the decades of the 
1950s and 1960s with interruptions only in the 1930s and 1940s. The 
1970s witnessed slowing growth and near-equilibrium, and the 1980s 
so far have seen somewhat erratic expansion and contraction. Cer- 
tainly this pattern does not hold true to the same extent in all scientific 
fields. It is reflective, however, of the fact that, since the successful 
rebuilding of S&T infrastructure in Europe and Japan, U.S. interna- 
tional S&T policy has become much more complex and unpredictable, 
meaning that international cooperative agreements are now pursued 
as much for diplomatic, strategic, and economic reasons as for reasons 
of scientific priority. In fact, some argue that, particularly in the bilat- 
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diplomacy. Examples abound of the use of science and technology as 
positive or negative reinforcement for the policies of another nation. 
What is new about this situation is the increasing frequency with 
which the realm of science has come to be viewed as a fundamental 
component of U.S. foreign policy. This may be explained, in part, by 
the fact that access to frontier S&T is greatly desired worldwide. 
Greater use of S&T as instruments of foreign policy may also be un- 
derstood, however, to reflect the simple fact that there are often con- 
straints on other traditional sources of foreign policy leverage (e.g., 
capital, food, or military assistance). 

This emerging pattern of increased use of S&T as elements of for- 
eign policy raises two important and interrelated questions: (1) are 
S&T effective as instruments of policy?, and (2) is involvement in the 
political arena good for the health of science and technology? Clearly, 
as a symbolic action, the development of a new cooperative initiative 
is highly effective for public relations purposes. Witness, for example, 
the high degree of publicity that surrounded the United States- 
People's Republic of China S&T agreement during the Carter years. 
But have such arrangements succeeded in influencing the foreign (or 
domestic) policies of other nations? While there is little doubt that 
S&T agreements have helped on some occasions to move relations 
onto a more positive basis, and on others to signal U.S. displeasure 
regarding certain behavior, there would appear to be little conclusive 
evidence that the signing or termination of an agreement has been 
very influential in persuading another nation to pursue or desist from 
a particular policy position. 

With regard to the health of S&T, we have already made note of the 
fact that cooperative S&T projects are sometimes designed more ac- 
cording to the availability of funding and political support than on the 
basis of scientific priority. Mention also has been made of the growing 
preoccupation with national security and proprietary considerations, 
resulting in some efforts to "close down" international scientific com- 
munications. But, besides the problem of maintaining free and open 
channels of communication among scientists, there is also the problem 
of the apparent mismatch between the requirements of diplomacy and 
the process of scientific inquiry. Sound cooperative projects do not 
always materialize at politically opportune moments. Moreover, be- 
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exist between the needs or science and the exigencies or foreign policy. 
While these conflicts are probably inevitable and not altogether coun- 
terproductive, they do raise profound questions about the future 
scope and direction of S&T cooperation. 

There are, in addition, other types of pressures or conflicts extant 
within the U.S. S&T policy environment. For example, many ana- 
lysts 24 have noted the imbalances that exist between the priorities of 
the mission-oriented agencies (e.g., the National Aeronautics and 
Space Administration, the Department of Energy, etc.) and the objec- 
tives and competencies of the Department of State. While the State 
Department maintains a comprehensive view of the U.S. role and in- 
terests in the international context, it is poorly equipped to provide 
the same high level of staff competence and mission focus on S&T 
fields as other line agencies. This problem is mitigated to some extent 
by the existence of the Office of Science and Technology Policy within 
the White House. But, in some respects, the lack of effective State De- 
partment involvement relegates the formulation of international S&T 
policy to an ad hoc "turf battle" between the mission agencies. 

Less significant but nevertheless important are pressures that ema- 
nate from within the scientific community itself. Given both their ac- 
cess to the highest levels of government decision making and their 
need for government funding, scientists often function as formal or 
informal pressure groups for particular projects. On some occasions, 
groups of scientists within a discipline are able to bring pressure on 
intergovernmental or nongovernmental organizations to support a 
certain type of cooperation for which they themselves may be among 
the beneficiaries. Governments besieged by multiple competing de- 
mands for scarce resources have sometimes viewed the impassioned 
exhortations of the scientific community for additional research sup- 
port not so much as "common good" but as a form of "special plead- 
ing" from yet one more interest group. 

Costs and Benefits 25 

The importance of achieving "critical mass" as measured in terms 
of capital, human expertise, and facilities in an area of scientific en- 
deavor stands out as a major benefit of cooperation. The synergistic 
economic effect of multiple funding for a particular line of research is 



of effort. The sharing of costs for construction of facilities becomes 
especially critical for "Big Science" projects. Significant cooperation 
often brings with it, too, a higher level of visibility to areas of scien- 
tific inquiry that may lead to improved future funding prospects. 
(There is a danger, however, that the greater visibility and appeal of 
"Big Science" projects may have a deleterious effect on the health of 
smaller-scale scientific cooperation.) Finally, higher levels of activity 
in a given field also increase the chances of "spin-off" research initia- 
tives' yielding unexpected breakthroughs. 

The opportunity to interact and exchange ideas is in itself a benefit 
of international science, because it expands the familiarity of U.S. per- 
sonnel with the work of foreign colleagues (and, of course, vice 
versa). This, in turn, increases the likelihood of future cooperative re- 
lationships. The sharing of new or modified approaches is the founda- 
tion of scientific intercourse, and the awareness that other groups in 
other countries are working on the same or similar approaches can 
also prove to be a powerful motivating factor governing the pace of 
research. Finally, the knowledge that a particular approach is being 
pursued with success elsewhere may lend legitimacy and influence to 
project proposals. Witness, for example, the redirection of the U.S. 
fusion program towards the Tokamak concept after the exchange of 
information with Soviet scientists. 

Many of the costs of cooperation are mirror images of the benefits. 
For example, there are opportunity costs involved in committing per- 
sonnel and equipment to a joint research project when these resources 
might have been assigned to other tasks. Similarly, there are what 
might be called "development" costs associated with sharing informa- 
tion and/or ideas produced previously under other auspices and, pre- 
sumably, other financing. In fact, part of the motivation for the recent 
attempts to stem the flow of unwanted technology transfer in the 
United States has been the concern over the lack of compensation for 
the sizable capital and time investment involved in developing the 
S&T information supposedly being "lost." 

Little need be said about the direct costs of participating in interna- 
tional S&T projects, which involve primarily personnel, facilities, and 
equipment. It should be noted, however, that it is often not so much 
the capital outlay itself which is viewed as a liability as it is the loss of 



trol issue has been exacerbated by the increasing politicization of 
many intergovernmental organizations dealing with science and tech- 
nology (e.g., UNESCO). The United States, like many other coun- 
tries, has little desire to make large contributions for dues or for spe- 
cial projects only to see the organization engage in activities or 
rhetorical debates inimical to U.S. interests. 

The problems of dealing through intergovernmental organizations 
raise yet another type of cost, the principle of "juste retour," 26 refer- 
ring to the expectation that each participating nation will get a share 
of the research, engineering, and equipment supply contracts in pro- 
portion to its financial contribution. As a result, the efficiency of 
sound management practices often must be sacrificed in favor of 
greater equity of distribution. Euratom, ELDO, and INTELSAT all 
have been affected to varying degrees by this problem. 

Finally, there are the inevitable internal bureaucratic costs of under- 
taking cooperative projects. Unless such collaboration is kept very 
narrowly focused, it tends almost inevitably to overlap agency juris- 
dictions. In those cases where an agency's participation in a coopera- 
tive venture requires that it transfer budgetary authority or personnel 
to an international organization or to another agency of the U.S. gov- 
ernment, the inherent tendency to guard bureaucratic "turf" may have 
negative ramifications for the project. 27 

There are, of course, no universally applicable guidelines for suc- 
cessful international S&T cooperation. Much depends on the specific 
circumstances (and previous history) of the initiative and, frequently, 
on the presence or absence of a few charismatic individuals who can 
provide initial and continuing leadership. Some of the more signifi- 
cant background conditions likely to increase the chances of success- 
ful cooperation were set forth in a 1981 study by the OECD. 28 These 
are summarized below. 

Intergovernmental cooperation must be based upon an awareness 
of the political context, and the further the program moves toward 
applied research, the more precise the political implications must be. 

It is important that there should be similarity between partners, 
both in terms of scientific and technical development, and economic 
development. 

Aims of the joint action must be defined clearly at the outset. 
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Direct cooperation between 'national establishments or use of 
existing international organizations is generally preferable to the 
creation of a new international body. 

A balance between equity (returns in relation to investment) and 
efficiency (entrusting work to those more competent to perform it) 
must be reached. 

Adequate mechanisms for supervision and responsibility in moni- 
toring and management must be provided. 

The international program should not compete with national pro- 
grams it should complement them. 

Red tape must be minimized and the delegation of responsibilities 
maximized. 

Budgets should extend over a number of years to ensure financial 
stability. 

It is significant that these OECD guidelines fail to address directly 
what many would consider the most essential criteria for effective co- 
operation: namely, the need to take account of that which promotes 
the health and advancement of science in terms of the allocation of 
limited resources and the design of cooperative arrangements. As sug- 
gested in the preceding analysis, this prescription represents a not in- 
significant task. Yet, given the changing conditions and new chal- 
lenges facing the global community, the search for new, more 
effective modes of international cooperation must become a matter of 
high priority for the science and engineering establishment both in the 
United States and worldwide. 
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lie U.S. government supports international cooperation in science 
I technology through a number of different mechanisms and to 
/e a variety of national goals. Almost every agency of the federal 
rernment is involved to some extent, and cooperation takes place 
Dugh bilateral, multilateral, and private-sector channels. No pre- 
i measure of the funding dedicated to international cooperation is 
dlable, but most of the relevant programs are described in an an- 
il report to the Congress colloquially known as the Title V report. 1 
t is not an overly impressive document, notwithstanding its bulk; 
list of activities appears substantial only until one recollects that 
> represents the international dimension of a federal research and 
reloprnent (R&D) budget of well over $40 billion. Then, it seems 
\or indeed, to which most of those who have been engaged in at- 
ipting to promote international cooperation in science and technol- 
r from inside the government can quickly attest. In the abstract, 
; would assume that the shared interest in R&D progress among 
:ndly and even not so friendly countries, the global nature of many 
iblems, the wide diffusion of technological competence, the impor- 
ce of building science and technology in developing countries, the 
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technological leakage, bureaucratic difficulties, ignorance of develop- 
ments overseas, a commitment to leave R&D to the private sector and 
the general domestic orientation of the U.S. government (of which 
more below) conspire to keep the number and scale of government- 
supported international programs a quite minor proportion of total 
R&D support. 

It was not always so. Even though international cooperation was 
always a relatively small part of the budget, the present situation is in 
fact poorer than in earlier postwar years. Following World War II, 
and particularly after the Marshall Plan and the onset of the Cold 
War, there was a substantial U.S. interest in science and technology 
cooperation with Western industrial countries. Research was sup- 
ported directly by U.S. agencies in Europe, and the climate was gener- 
ally supportive for expansion of cooperation wherever possible. A 
major program of cooperation was begun informally with Japan in the 
late 1950s, and formally in 1961. The National Aeronautics and Space 
Administration (NASA) legislation, passed in 1958, explicitly called 
for an international approach, as had the National Science Founda- 
tion (NSF) legislation in 1950. Early objectives in NATO included ma- 
jor interest in joint research and production, and the NATO Science 
Committee was started in 1957 with grand ideas of spurring coopera- 
tive R&D. Even the Organisation for Economic Co-operation and De- 
velopment (OECD), when it was reconstituted out of the former Mar- 
shall Plan, included science policy cooperation among member 
countries as an important segment. 

But the climate substantially changed. Absolute resources going for 
international cooperation in science and technology may be larger to- 
day, but relative to national budgets, the relative amount is surely 
much lower. Certainly, the atmosphere in which cooperation must be 
developed and funded is less supportive, notwithstanding the discus- 
sion at the last three summits about international cooperation. (Per- 
haps the formal agreement at the Williamsburg summit will spur a 
change in attitude, but it is too early to tell.) 

From economic, budgetary, political, and scientific perspectives, 
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government tor policymakmg and funding or international coopera- 
tion in science and technology. In fact, the particular structure of the 
U.S. government and the government's budgetary process have a 
great deal to do with the difficulty of expanding such programs even 
under supportive administrations and much to do with the ease of cut- 
ting them back in antagonistic or disinterested administrations. The 
lack of clear understanding of this aspect of the subject, though by no 
means the only critical element, nevertheless can frustrate efforts to 
build international cooperation even when the political will exists to 
do so. And it certainly goes a long way to explain why more projects 
and possibilities for international cooperation do not arise spontane- 
ously, whatever the interest of a particular administration. 

Astonishing as it may be, the U.S. government has no clear govern- 
mental instrument for international cooperation, and in fact some 
agencies are legally barred from using appropriated funds for other 
than "domestic" R&D objectives. Individual departments and agen- 
cies must carry out their own programs of cooperation as part of regu- 
lar budgets, with little or no recognition of the problems and disincen- 
tives thus created. Difficult as it is for cooperation on projects of clear 
scientific merit and interest, proposals with mixed scientific and politi- 
cal objectives have no natural home or funding resource. We will at- 
tempt to explore and explain this situation. 

THE ISSUE 

The U.S. government's purpose in supporting international cooper- 
ation in science and technology is exactly the same as that for support- 
ing science and technology more generally (or of any other federal ac- 
tivity, for that matter): to contribute to the nation's domestic and 
international goals. These goals have to be translated into specific pol- 
icies, of course, and, in practice, into concrete programs and budgets. 
From the perspective of the government bureaucracy, this process 
now becomes a policy management issue: how best to formulate pro- 
grams, compare them with each other in relation to the national pur- 
poses they are to serve, budget for them appropriately, and ensure 
effective implementation and evaluation. These necessary manage- 
ment objectives turn out, given present structure and practices, to dis- 
courage proposals for international cooperation, or to bias the system 



for each. 



International Cooperation Directly Supporting U.S. "Domestic" 

R&D Objectives 

In this category are those programs or activities that arise directly 
from the R&D goals of the U.S. government. Examples are: 

cooperation with, and occasional support of, foreign scientists or 
institutions in pursuit of common scientific objectives when justified 
on competitive assessments of scientific quality 

programs carried out internationally because of the requirements 
of the subject, such as in oceanography, geophysics, or global climate; 

participation in internationally organized research endeavors, 
such as the International Geophysical Year or the Global Atmospheric 
Research Project; and 

comparative studies or conferences intended to improve U.S. ef- 
forts by examination of policies or programs of other countries (e.g., 
environmental standards, use of health care technology). 



International Cooperation Carried Out for Mixed Foreign Policy 
and Scientific Purposes 

In this category are those programs or activities that have an impor- 
tant foreign policy component as part of their motivation. 2 Examples 
are: 

dedicated programs of bilateral cooperation with other countries 
that are established to serve one or several foreign policy objectives 
with those countries (i.e., the programs with the USSR, Poland, 
China, and France are illustrations; the Chinese program overlaps 
with the development assistance category as well); 

activities with, or in, other countries that may not be part of a 
dedicated program with that country, but are at least partially justi- 
fied by foreign policy interests (e.g., possible desalination projects in 
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the Middle East, involvement of local oceanographic institutions in 
U.S. expeditions); 

application of U.S. science and technology capabilities for U.S. 
policy purposes (such as foreign participation in Landsat, use of U.S. 
technology abroad for mapping and oil exploration, or commitment 
of domestic R&D resources to tackle a problem of particular interest 
to another country); 

programs to encourage expansion of foreign R&D, or refocusing 
of foreign R&D on objectives the United States sees as priority prob- 
lems (e.g., efforts to stimulate energy-related R&D through the Inter- 
national Energy Agency (IE A), or some aspects of the Japanese coop- 
erative program) . 



Science and Technology Cooperation Designed to Serve 
International Development Objectives 

This category, closely related to the previous ones, involves those 
activities particularly geared to the development assistance objectives 
of the United States and to the problems of developing countries 
across the range from the poorest to those now considered "middle 
income." The justification for separation from other foreign policy in- 
terests is simply the present magnitude and likely future significance 
of this category to the United States. In addition, the different policy 
and funding structure in the development assistance area makes the 
issues to be dealt with substantially distinct. Examples are: 

programs of cooperation between U.S. agencies, or U.S. -funded 
institutions and those in less-developed countries (LDCs) on develop- 
ment problems, sometimes in the context of dedicated bilateral agree- 
ments, other times on an individual project basis; 

support of R&D in institutions outside the United States on devel- 
opment problems; 

commitment of R&D resources in the United States to work on 
development problems, varying from full commitment of some re- 
sources to partial modification of domestically oriented programs to 
make them more relevant to development applications; 



largely outside the focus of cooperation among OECD countries. 

POLICY MANAGEMENT ISSUES 

A number of policy management issues arise in the government's 
sponsorship of international cooperative activities in the first two cat- 
egories that have become serious disincentives to elective program de- 
velopment. We can take up the categories in turn. 

International Cooperation Directly Supporting U.S. "Domestic" 

R&D Objectives 

This category of activities poses the least difficult conceptual man- 
agement issues within the government, since the programs presum- 
ably must and in principle can compete for funds within agency bud- 
gets and objectives. Criteria are clear, or at least no less clear than for 
R&D in general, and it is evident what programs new proposals are to 
be compared against. 

But there are important policy process issues here that serve to cre- 
ate major barriers to active development of international cooperation. 
These have to do with the detailed processes by which projects are 
proposed and funded, and the general encouragement (or lack of it) of 
an international perspective in government R&D programs. The two 
are related. 

The dominant domestic orientation of the American R&D enter- 
prise is often a surprise not only to scientists in other countries, but 
also to Americans used to the view that science is basically an interna- 
tional enterprise. Though science is nonnational in its substance, na- 
tions do support science and technology for national purposes, and 
the institutions of government providing support are necessarily ori- 
ented to national goals. In the United States, the development of gov- 
ernmental institutions has historical, cultural, geographic, and politi- 
cal roots that result in a policy process that weights domestic interests 
and concerns to a much greater extent than is prevalent in most other 
countries. The separation of powers between the executive branch and 
the Congress is a major factor in continuing this dominance of domes- 
tic interests. Moreover, the very scale of science and technology in the 
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projects, e.g., extra initial costs or funds for needed travel, are almost 
always ad hoc and usually viewed with skepticism. Nor is there a gen- 
eral climate in the government that recognizes the value to the United 
States of international cooperation, nor widespread interest and pres- 
sure from the scientific community at large advocating more interna- 
tional cooperation as a major policy need. It is anomalous in an era in 
which high-quality R&D capability exists (and is growing) in many 
countries that share U.S. interests, in which the problems facing these 
societies are increasingly common and intertwined with those of the 
United States, and in which the costs of R&D increase so as to limit the 
ability of any one country, even the United States, to seek answers 
entirely on its own, that so little of an international perspective is in 
evidence. 

To develop that perspective, to take more advantage of the R&D 
benefits of international cooperation, and to realize the potential 
value to the United States of an international approach to the prob- 
lems that loom so large in all societies will require more than a simple 
policy decision. Agencies, and particularly the lower levels of R&D 
management, would have to be sure not only that there is high-level 
executive branch and congressional interest in developing interna- 
tional activities that support the agencies' R&D objectives, but also 
that international programs, if competitive, would be welcomed in 
their overall program and that the likely greater uncertainties encoun- 
tered in evaluation of new proposals would be sympathetically taken 
into account. 

There would also have to follow some changes in the funding pro- 
cess that recognized that international projects cannot be treated sim- 
ply as any typical proposal that is wholly domestic. Up-front funding 
may be necessary to explore opportunities and to allow initial devel- 
opment of proposals that may be harder to formulate because of dif- 
fering research styles or institutional practices. Some risks may have 
to be taken for situations in which there could be serious costs if a 
jointly developed proposal is ultimately rejected. Recognition of the 
importance of being a reliable partner may also sometimes lead to 
longer commitment of funds than is typical for an agency. In some 
cases, funding may be necessary for higher infrastructure and travel 
costs. 

Those extra funds have always been difficult to appropriate, and in 



cent distribution of the NSF s international budget among research di- 
visions will for that reason certainly have a chilling effect on interna- 
tional cooperation, even when international projects could in prin- 
ciple be fully competitive scientifically. 

It is also worthwhile noting not only the difficulty but also the im- 
portance of making the "domestic" agencies of the U.S. government 
conscious of the international framework in which R&D is actually 
embedded. The potential practical payoffs are obvious: U.S. R&D can 
benefit from work in other countries, much more of which is now 
equal to U.S. R&D in quality, and more frequently there will be paral- 
lel work of direct relevance to U.S. R&D objectives and increasing 
opportunities for cost sharing or for faster progress toward R&D 
goals. 

There is another, perhaps more important but unfortunately only 
philosophical, reason: the fact that the results of American R&D di- 
rectly and indirectly affect people in all countries. They have no voice 
in setting R&D objectives in the United States even though they have 
an interest in the outcomes of the world's largest R&D enterprise, nor 
can any process be imagined in the near future (at least) that could 
provide such a voice. But that only emphasizes the desirability of de- 
veloping over time much greater sensitivity in the United States to the 
international nature of the R&D enterprise and to the societal effects, 
not limited by national borders, it engenders. Rarely is any thought 
given, and certainly only rarely in an organized, conscious way in the 
government, to the international effects of the R&D being supported. 
The conscious encouragement of greater involvement in international 
programs and cooperation by U.S. domestically oriented agencies 
can, in the long run, serve to increase understanding of the interna- 
tional dimensions of everything the United States does in science and 
technology. 

Of course, all the obstacles do not reside within the government, 
though the process difficulties within government do have their reso- 
nance in the scientific community. Realization of the difficulties in 
funding international cooperation or experience in trying to satisfy the 
difficulties is often an effective disincentive for scientists to invest the 
time required to bring cooperative projects to the point at which they 
could be considered in the research competition. In many cases, of 
course, the opportunities and appropriateness, because of special 



(which can result, for example, in disparities of funding and uncer- 
tainties of the results of priority ranking) also are important. More- 
over, scientists are not immune from national biases, notwithstanding 
the nonnational basis of scientific knowledge. Particularly in the 
United States, many scientists think little and know less about the de- 
tails of work in other countries and have little interest in international 
cooperation. Others view international cooperation as inimical to the 
competitive race for national prestige and preeminence and are little 
inclined to collaborate unless absolutely necessary. 

And, of course, the growing national concern with the possible eco- 
nomic and security costs of transfer of technology has served to put a 
further damper on official interest in international cooperation. 
Though that does not affect many scientific fields, it certainly is rele- 
vant to those, such as electronics and biotechnology, in which the dis- 
tance between the laboratory and production is shrinking. The con- 
cern, still largely focused on security, will almost certainly turn 
increasingly to economic issues. Growing pressures for "technological 
protectionism" cannot help but prove to be a deterrent to interna- 
tional scientific cooperation. 

Thus, impediments and disincentives, even for projects entirely jus- 
tified scientifically, can be substantial. These arise from the general 
domestic orientation of the U.S. government and a policy and funding 
process that provides little recognition of the special requirements for 
organizing and implementing international cooperative projects. Not 
all possible international projects should be supported, of course, but 
the growing importance of such cooperation to the United States, as 
well as to others, dictates greater efforts to modify the existing climate, 
and to make the governmental process more flexible and responsive. 

International Science and Technology Cooperation Carried Out 
for Mixed Foreign Policy and Scientific Purposes 

Though seemingly less relevant to cooperation among OECD coun- 
tries, it is nevertheless true that some cooperative programs do (and 
should) have motivations that go beyond purely scientific purposes. 
The United States has umbrella agreements for cooperation with Ja- 
pan and France and other nonspecific agreements in various deline- 
ated fields, for example, or those with particular departments in other 
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tion to R&D goals, including contributing to U.S. political and 
economic interests with other countries, attracting high-level atten- 
tion to particular issues, creating advantages for American industry in 
foreign countries, gaining knowledge of scientific and technological 
progress in other countries, and stimulating work on common or 
global problems. Presidents, secretaries of state, and others have capi- 
talized on the nation's strength in science and technology for coopera- 
tion designed to achieve more than scientific purposes and will con- 
tinue to want to do so. That is appropriate, for national goals can be 
served by sensible use of all resources, as long as it is done responsibly 
and without damage to the primary mission of those resources. 

The most difficult of the issues raised in these cases in the policy 
process, and the ones that are at the heart of the problems of manage- 
ment of international science and technology activities, are those asso- 
ciated with funding. They are central to the goal of responsible man- 
agement and deployment of public funds, and central to the ability of 
the government to use its scientific and technological resources effec- 
tively for a variety of national objectives. 

The major problem is that the international programs referred to 
here cannot be fully competitive on scientific grounds with alternative 
domestic programs (if they were they would raise no special concep- 
tual problems, as programs in the first category), and even when they 
may eventually be able to be competitive, the advance planning and 
commitment process required to initiate a formal international or bi- 
lateral agreement is not compatible with the normal competitive 
budget process. Alternative budgetary processes and in some cases 
segregated funding are thus unavoidable. 

There are several alternative budgetary mechanisms possible, none 
of them fully satisfactory nor mutually exclusive. They include: fund- 
ing of international activities from regular appropriated R&D funds; 
developing line items within domestic agencies administered either by 
a technical division or by an international programs office; seeking 
dedicated funds in the Department of State to be transferred to the 
operating agencies to fund these activities; seeking dedicated funds in 
another agency, such as the NSF, for transfer as appropriate; or creat- 
ing a new agency expressly for this task. A different technique of one- 



shot endowment for a "binational foundation" is also possible and has 
been employed in the past, notably in the case of Israel. Each has its 
advantages and disadvantages. 

Relying on appropriated agency R&D funds when mixed foreign 
policy and scientific goals are involved has several problems: estab- 
lishing objective criteria for comparing the foreign policy interest of 
alternative proposals, determining the weight that should be given to 
those interests in comparison with scientific goals, providing adequate 
means for representing those interests in the budget process, and ab- 
sorbing the implicit reduction in funds available for the domestic ob- 
jectives of the agency (especially acute if funds must be segregated in 
advance to protect against later rejection). The programs, however, 
are more likely, by comparison with processes that involve nontechni- 
cal offices, to be of high quality since the technical people most knowl- 
edgeable are those most heavily involved, and the scientific aspects 
would be evaluated by the normal process. 

Developing a separate line-item budget within agencies adminis- 
tered by the technical divisions or the international office (or both) 
avoids the problem of reducing funds for "domestic" R&D objectives 
(assuming no larger trade-off in the agencies' overall budgets), but 
raises more starkly the problem of justification of funds and effective 
program evaluation. This technique can lead to unjustified continua- 
tion of funding once started simply from the normal inertia of bud- 
gets, and can reduce the pressure for scientific justification since the 
funds are not subject to as rigorous scientific competition. In addition, 
the international offices, if they administer the funds, may develop a 
vested interest in the programs which may not adequately reflect ei- 
ther overall U.S. foreign policy interests or the scientific opportuni- 
ties. Line items for programs intended to serve, in part, foreign policy 
interests raise directly the problem of how funds and programs are 
compared across agency lines, especially since the normal budget pro- 
cess within agencies and with the Congress involves many other con- 
siderations. 

On the other hand, both line items and use of regular R&D funds 
within agency budgets give the agencies a stake in international activi- 
ties; force them to have to evaluate, advocate, and defend the pro- 
grams as their own; require commitment to use of resources for inter- 
national Durooses: and allow the develoDment of permanent staff 



40 SCIENTIFIC AND TECHNOLOGICAL COOPERATION 

agencies has several serious barriers, though it appears attractive in 
the abstract as a way of forcing projects to compete within a defined 
budget. One barrier is simply the political reality of expecting the De- 
partment of State to be able to obtain funds of any scale for this pur- 
pose (opposition would be substantial in both the executive branch 
and the Congress) . Another is the separation of the source of funds 
from the scientific and technological resources, coupled with the De- 
partment of State's inherent difficulty in identifying adequately the 
opportunities in science and technology across the government and in 
developing internal competence in science and technology. In addi- 
tion, many activities should not be discrete separate programs, but 
part of larger efforts. If most international funds had to come from the 
Department of State, the bureaucratic burden for allocation and im- 
plementation would be enormous and probably intolerable. More- 
over, this route is not likely to develop the desired commitment and 
competence in the agencies. 

Establishment of dedicated funds in another agency, such as the 
NSF, has some of the same problems as a State Department fund, ex- 
cept that it has proven more feasible to appropriate money to the NSF 
for international programs, and NSF's internal competence in science 
and technology could make it easier to work with the technical pro- 
grams of other agencies. As is evident from past use of NSF in this 
way, however, an agency finds it difficult to accommodate substantial 
funds that, as a matter of course, are only to be justified and spent by 
others. There has always been difficulty even in NSF funding of Na- 
tional Academy of Sciences international programs over which NSF 
has had little detailed control. It also puts NSF in the middle between 
domestic and international agencies with little stake of its own. 

A separate agency created expressly for international cooperation 
in science and technology would be a most interesting innovation, but 
has little political reality in the near future. Though it would have 
some of the same problems enumerated above, its dedicated mission 
would minimize them. Moreover, it would have the capability of 
overseeing a "cross-agency" budget that would make possible respon- 
sible comparison of projects and budget management. And, it would 
provide a focused instrument for international cooperation now lack- 



limited number of countries as a result of its permanent basis that does 
not require annual appropriations or detailed oversight. By definition, 
it is not available for short-term foreign policy purposes though its 
existence and successful operation can obviously contribute to rela- 
tionships. Its independence is an asset, but by the same token, it is 
external to U.S. departments and agencies and not likely over time to 
stimulate international interests within those agencies, or see its mis- 
sion as integration of U.S. scientific and technological capacity with 
U.S. international interests. Finally, its independent status makes pro- 
gram review or modification difficult once a direction is set. 

Though all of the alternatives have their strengths and weaknesses, 
it seems inescapable for now that for the bulk of international science 
and technology activities justified in part on foreign policy grounds, it 
is the resources of the agencies themselves, whether in an "interna- 
tional" budget or as part of regular programs, that will have to be 
relied upon. The other choices are simply not commensurate with the 
nature and scale of the overall objective though all mechanisms are, 
and ought to be, used to some extent. 

This conclusion that the bulk of the resources must come from the 
agencies, however, requires coming to grips with the difficulties asso- 
ciated with that route. Primarily, those difficulties have to do with 
evaluation and choice when a foreign policy motivation is involved. 
Who is responsible for representing and/or qualified to represent the 
foreign policy interest? How much should it weigh against scientific 
evaluation? How can activities with different countries, different 
fields, and different agencies be compared? What can provide the dis- 
cipline that is required to force hard choices? How objective can for- 
eign policy criteria be in any case? 

An argument can be made that almost any science and technology 
interaction with a country of interest is "good." Traditionally, the De- 
partment of State has tended to be rather uncritical in its support of 
international science and technology activities of other agencies within 
broad foreign policy constraints. But that is inadequate, if it ever was 
otherwise, in a period of growing interest in more effective use of U.S. 
science and technology capacity internationally. Even if funding con- 
straints were not as serious as they are today, responsible use of public 
funds and resources would require more appropriate discipline. 
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an agency's scientific quality ranking of research projects (leaving 
aside, for the moment, the question of how international projects can 
be developed to the point of being competitively ranked). That is, 
proposals above the cutoff can be funded whatever the foreign policy 
interest because of their inherent scientific interest to the agency. Pro- 
posals that fall near the bottom of the ranking are of little scientific 
interest to an agency and should proceed only if there is a special for- 
eign policy interest in having them implemented. In that case, external 
(to the agency) funding is clearly appropriate and, in fact, essential. 
Only those that are marginal in an agency ranking below but near 
the cutoff are of interest, for they have reasonable scientific merit 
and agency engagement. 

This logic leads to the suggestion that it should be possible to rank 
international science and technology programs across departments 
and agencies according to foreign policy interest. Such a ranking 
would be compared with the independent ranking within departments 
and agencies based on agency criteria. Projects that are marginal on 
an agency ranking, but high on foreign policy ranking, would be 
given an extra boost. Those marginal within the agency but low on the 
foreign policy ranking would be dropped, while those low in agency 
ranking, but high on foreign policy, would proceed only with funding 
provided by the Department of State or other external source. Those 
marginal on both scales might deserve further examination. 

Such a cross-department ranking makes sense in theory, but in 
practice how can it be done with competence and credibility? A sepa- 
rate agency for international science and technology cooperation 
mentioned earlier could have been the chosen instrument, but the at- 
tempt to create that agency did not succeed. The State Department is 
unlikely to be able to carry out such a ranking with sufficient support 
from technical agencies, or with adequate authority to implement the 
results. A possibility is an interagency working group, chaired by the 
Department of State, that could provide the locus for a govern- 
mentwide ranking. Or, the Office of Management and Budget (OMB) 
or the Office of Science and Technology Policy (OSTP) could chair 
the group to provide more objective leadership. 

Whatever mechanism is used for "managing" agency budgets for 
international cooperation, that will not be enough. The need for plan- 
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can be reasonably limited on the assumption that programs once es- 
tablished should move into a competitive process of some kind as rap- 
idly as possible. Under that assumption, the Department of State 
could be the logical repository of such segregated funds; more realisti- 
cally, they should be line items in the appropriate domestic agency 
budgets and/or dedicated international funds in the NSF. 

CODA 

The analysis of the problem seems clear, but an effective institu- 
tional mechanism and appropriate policies are not easy to formulate 
within the U.S. government structure. Something must be done. The 
U.S. government is simply poorly positioned to use science and tech- 
nology in support of its international objectives, especially when an 
unambiguous scientific justification is not possible. Even when it is, 
the United States is often muscle-bound in its structure and process in 
providing incentives or support for international cooperation that is 
in the national interest. Though there are many explanations for this 
situation, the fact of the matter is that the changing nature of the prob- 
lems the nation and the world face, the diffusion of scientific compe- 
tence, and the economic pressures on Western societies make it essen- 
tial that ways be found to spur rather than discourage international 
cooperation in science and technology. 
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OBJECTIVE 

This paper is intended to offer some perspective on the relationships 
between the objectives of the private sector and the use of interna- 
tional cooperation as a mechanism for pursuing these objectives. 
These comments should provide a basis for developing constructive 
participation by private companies in such actions and identify op- 
portunities for government policymakers to attract private-sector par- 
ticipation when this will promote a broad national or international 
purpose. 

INTRODUCTION 

The increasing attention to cooperation in international science and 
technology normally omits, or minimizes, the role of private industry. 
This is a reasonable state of affairs, since there are obvious constraints 
on the value to a competitive industrial organization within the Or- 
ganisation for Economic Co-operation and Development (OECD) 
countries of cooDerative activities in eeneral. 



Technology (hbrKl 1 ) program in the European Communities (hCJ to 
develop a stronger European base in microelectronics initiated by the 
major electronic companies within EC countries. 

3. It has become increasingly clear to government policymakers re- 
sponsible for international cooperative agreements that a great many 
bilateral and multilateral technical agreements among governments 
can be strengthened greatly by active involvement of the private sec- 
tor and may not be effective without such cooperation, e.g., technical 
exchanges in food science or metallurgical processing. 1 

This paper will expand upon these three observations to develop a 
practical framework for relating industrial activity to international 
cooperation in the near future. To establish a basis for understanding 
what is both realistic and desirable, let us consider first the issues in- 
volved, then the nature of industrial research. 

STATEMENT OF ISSUES 

To state the issues most simply, two questions must be answered 
from the viewpoint of industry: 

1. Why should a company participate in a cooperative technical ac- 
tivity? 

2. When such cooperative activity is desirable, what added criteria 
justify or require international cooperation? 

There is an additional issue that is of interest to the current concern 
with international technical cooperation generally, and to this paper 
in particular. This is the matter of timeliness, namely: 

3. What pressures exist today that encourage increased industrial 
participation in international technical cooperative activities? 

Since our concern is more with future actions than with past experi- 
ences, the last issue is perhaps of greatest intellectual interest. 

One important change, at least in public perception of the subject 
under discussion, is implicit in the title of this group of papers. The 
discussion is of "international science and technology," whereas the 
traditional emphasis of cooperative activities in the past has been on 
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practice, to products and processes, there would seem to be a greater 
opportunity for an industry role in these broader areas of interna- 
tional cooperation. 

Nevertheless, the increased opportunity alone is not sufficient to 
obtain private-sector participation, since the questions of benefit and 
compatibility with competitive objectives must still be answered. 
There may be a greater likelihood of industrial interest in scientific 
cooperation than technological cooperation. What does seem to be 
emerging is that any international cooperative activity in technology 
that does not include industrial participation will very likely omit im- 
portant inputs and be less effective in its impact. 

These are general statements made primarily to introduce the issues. 
The most important generalization is that the circumstances are differ- 
ent for each industry and, to some extent, for each company. To per- 
mit a more constructive discussion, we should review briefly some of 
the characteristics of industry and industrial research. 

NATURE OF RELEVANT INDUSTRY CHARACTERISTICS 

The following comments are greatly oversimplified and are in- 
tended to point out certain industrial aspects related to international 
technical cooperation. 

All major corporations think and operate internationally, at least 
with regard to markets and competitive pressures, very likely with re- 
gard to components and raw materials, and in most cases with regard 
to some form of operating arrangement in other countries. These in- 
terests all require technical exchanges across national boundaries. 
Thus, there exists in every large corporation some mechanism, some 
network, possibly a substantial structure, for maintaining contact 
with international science and technology. This can take the simple 
form of an individual responsible for licensing, who draws on techni- 
cal personnel within the corporation for support. It may consist of the 
sum of individual contacts that corporate scientists and engineers 
maintain with colleagues in other countries. For the larger corpora- 
tions, it is made up of operating subsidiaries in other countries with 
associated technical organizations and occasionally separate laborato- 
ries not affiliated directly with an operating facility. 
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meant to include under the subject "international cooperation" the ar- 
rangements by two or more private companies to work together to- 
wards a profit-making objective. Nevertheless, this form of interna- 
tional cooperation has two important characteristics. First, it is very 
probably the most effective form of international technology transfer. 
Second, it can provide an important justification for participation by 
those companies in the forms of international technical cooperation 
more traditional to the world technical community, particularly as 
viewed by those responsible for government policies. 

As the above paragraph implies, there is an increasing network of 
joint ventures between independent companies in two or more coun- 
tries that involve technical cooperation. The program, the results, and 
the immediate benefits reside within these companies. Nevertheless, 
the transfer of technology among the technical personnel represents a 
genuine increase in the technical reservoir available to the countries 
involved. It therefore accomplishes one of the principal objectives of 
any international technical cooperation agreement. 

To digress slightly, some years ago the author, while director of re- 
search for a major U.S. corporation, had the responsibility for estab- 
lishing a laboratory in England. Several individuals were approached 
to obtain the reaction of the host country to a U.S. laboratory. The 
senior technical officer within the British government sent a letter in- 
dicating that any laboratory of a U.S. corporation would inevitably 
benefit the host country in view of the diffusion of science and tech- 
nology that would occur, despite the proprietary objectives of the 
work to be conducted. 

The business interests of large corporations that lead logically to 
international activity thus provide a potential for international coop- 
eration. The nature of such cooperation will depend very much on the 
nature of the technical structure within the corporation in question. 
We should therefore consider briefly certain characteristics of indus- 
trial research. 

Industrial research is primarily mission-oriented, interdisciplinary, 
and relatively self-sufficient. This calls for some explanation. 

The bulk of research and development (R&D) in any company is 
devoted to support of present businesses and to provide for possible 
expansion of these businesses. Some small percentage of effort may be 
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stantial in total dollars ($1.6 billion in 1981) and account for about 18 
percent of all the basic research conducted in the United States. 

The planning and funding of industrial research are related to par- 
ticular product lines, processes, or business plans. They are not based 
upon scientific disciplines such as physics or chemistry, and they do 
not usually start with a breakdown by function, such as development 
or basic research. In practice, of course, the central corporate labora- 
tory of a multibillion dollar corporation will contain most of the basic 
research activity of that corporation, while the technical groups 
within operating divisions or subsidiaries emphasize product or pro- 
cess development. Nevertheless, from an overall corporate view, the 
technical programs are planned to support a business or product line 
(mission-oriented), and it is left to the judgment of the research man- 
ager to organize whatever scientific and engineering talents are neces- 
sary to pursue this mission (interdisciplinary). In general, basic re- 
search within a corporation is part of this mission-orientation, in the 
sense that particular areas of basic research will be identified as most 
relevant to strengthening the broad technical effort. 

The characteristic of being "relatively self-sufficient" must be exam- 
ined more carefully, since it is the critical factor in the attractiveness of 
cooperative agreements to a company. The statement is based on a 
simple fact. The resources of major industrial corporations are such 
that, when there is agreement on a specific technical objective or when 
there is a corporate decision to pursue a business plan calling for a 
specific product or process development, all necessary technical in- 
puts are made available within the corporate R&D organization. This 
is almost true by definition, since, if a necessary input were not avail- 
able to the corporation, the decision to proceed with a development or 
a business plan would very likely not be made. 

Thus, technical support for current products and businesses does 
not normally require a major corporation to go beyond its internal 
structure. The clue to justifying cooperation with the world outside 
the corporation lies in the two words "relatively" and "normally." 

Being relatively self-sufficient refers to having an adequate technical 
capacity, including basic research when appropriate, to support cur- 
rent businesses and business plans. However, several conditions can 
exist that lead to interactions with science and technology outside the 
corporation: 



for new business opportunities in the future. 

3. Any technical activity that can be left to, or shared with, other 
organizations can permit more resources to be allocated for internal 
activities. 

The above items provide the principal basis for industry participa- 
tion in cooperative activities, both past and future. More detailed 
breakdown will be discussed in the next section. 

Finally, while a corporation does not "normally" rely on outside 
technical resources for its current business plans, there can be circum- 
stances where a particular business development can only be pursued 
through some form of cooperation with other organizations. Among 
these circumstances are: 

1. A new industry arising from a major technical advance may need 
to develop a common base of technical data, develop common instru- 
mentation, or become familiar with new and expensive equipment. 
One example of this was industry cooperation in the initial National 
Advisory Committee for Aeronautics (NACA) during the early 
growth of the aircraft industry. 

2. There may be developments so tinged with public interest, or call- 
ing for such considerable capital investment, that cooperative efforts 
involving the government and private companies are necessary. This 
occurred during the early development of peaceful use of atomic energy 
and included different programs at Oak Ridge and Argonne concerning 
materials development, reactor design, and safety standards. 

3. The scale of investment for a particular industrial advance may 
be too burdensome for even our largest corporations. This was the 
case for different industrial consortia concerned with ocean mining. It 
is occurring today in the microelectronics industry with the Semicon- 
ductor Research Cooperative (SRC) and the Microelectronics and 
Computer Corporation (MCC) in the United States, and the European 
Strategic Program for Research in Information Technology (ESPRIT) 
within the European Communities. These are not all public coopera- 
tive activities in the traditional sense, but they go well beyond the 
"normal" technical activities of an individual corporation. 



by objective, e.g., cost sharing 

by activity, e.g., basic research 

by sponsorship, e.g., bilateral government agreements 

Obviously, there is an overlap among the categories. Whichever we 
choose to emphasize, there has been a growth in this activity, and sev- 
eral summaries are available. The author chaired a conference in Paris 
in November 1980 focused on the subject. The published proceedings 3 
contained a number of introductory papers that reviewed the catego- 
ries of agreement. The usefulness of cooperative agreements to indus- 
try was summarized by Jacques Desazars de Montgailhard, President 
of Pechiney Ugine Kuhlmann (pp. 11-16 in the proceedings). Eco- 
nomic benefits, obstacles, and their removal are discussed by Robert 
G. Hawkins, Vice Dean, Graduate School of Business Administra- 
tion, New York University (pp. 17-26). A detailed review of past and 
present international agreements (pp. 26-50), with emphasis on the 
sponsoring international organizations, is contained in a paper by 
Klaus-Heinrich Standke, then a Principal Director of UNESCO. Fi- 
nally, there is a more thorough listing and categorizing of interna- 
tional technical agreements in a recent book by Daniel D. Roman of 
George Washington University and Joseph F. Puett, Jr., of Alfred Uni- 
versity and the McGraw-Edison Co. 4 

Without attempting to summarize these reviews, there is some 
value for this discussion in setting down briefly the principal objec- 
tives of traditional international technical agreements discussed in 
these reference materials. These are: 

cost sharing 

standardization 

strengthening basic science 

improving international political and economic relations 

solving specific international technical problems (e.g., acid rain) 

These categories give us a way to think about international agree- 
ments generally. However, in order to spell out the present and poten- 
tial industry role, we must look at the topic from the industry view- 
point, which follows from the preceding discussion of industry 
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For this purpose, it may be helpful to devise a matrix made up of 
two sets of categories that are more in line with the factors involved in 
the decision-making processes of industry cooperative agreements. 
These categories are: 

1. Nature of Agreement 

Public 

Private 

2. Nature of Company Participation 

Money 

People 

Joint conduct of research 

That is, the various cooperative agreements that companies join can 
be listed as shown in Table 1, with one example in each. 

These categories are not, of course, restricted to private companies, 
but they are useful in discussing and understanding the actions of these 
companies. Let us consider the growth and trends in industrial coopera- 
tive agreements. The hypothesis presented is that this growth, with 
some exceptions but in general, has spread out from the top-left corner, 
i.e., public cooperation involving just money, to activities that are pri- 
vate agreements that involve joint activities among corporations. 

To expand upon this somewhat, the traditional interest of the tech- 
nical community particularly those in government and universi- 
ties is with "public" cooperative agreements. The results of these ac- 

TABLE 1 Factors Influencing Industry Cooperative Agreements 

Nature of 
Agreement 

Nature of 



Participation Public Private 

Money Any trade association Microelectronics and 

(e.g., International Computer Corporation 

Copper Research (MCC) 

Association) 

People Experimental Safety Any joint venture (e.g., 

Vehicle (ESV) Program Alsthom Exxon Fuel 
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tivities are readily available for public information with, at most, 
mandatory and reasonable licenses. Yet the interests of industry em- 
phasize primarily ''private" cooperative agreements, wherein the ben- 
efits reside largely within the sponsoring corporations, and these ar- 
rangements are intensifying. Further, a simple agreement to support 
common interests could be accomplished by financial contributions, 
administered through a small third-party organization. The more 
complex, more immediate, and more important the nature of these 
common problems, then the more likely the need to involve personnel 
from the sponsoring companies and, for the broadest problems, to co- 
ordinate research efforts conducted within those companies. Let us 
consider a few examples of how these interests develop. 

The common form of industry cooperation, and very likely the old- 
est, is the trade association. This is a form of public action, since the 
results are generally publishable and available to the public and the 
objectives do not affect competition within the industry. Trade associ- 
ations in the United States do not normally operate laboratories. They 
are funded by corporate contributions, and the money earmarked for 
R&D is allocated to projects at universities, research institutes, and 
companies. This is done with a modest staff, but involves corporate 
representation on appropriate committees to provide member judg- 
ments. Such associations in Europe are more likely to operate a re- 
search laboratory, e.g., Iron and Steel Research (IRSID) in France and 
the British Non-Ferrous Metals Research Association. 

These associations emphasize technical subjects common to all 
member companies. Basic research is an obvious area. Another is the 
development of new uses for products in the materials industries, or 
safety questions such as toxicology evaluation for the chemical indus- 
try. The programs are very carefully selected to serve common inter- 
ests and avoid anticompetitive actions. This is due not only to obser- 
vance of antitrust laws, but also to the fact that each company is sensi- 
tive to its own competitive position. 

Thus, there is a long history of industry participation in collective 
actions related to subjects normally of interest to trade associations. 
These clearly form the principal basis for the role of industry in public 



eration of a public nature. However, the growth in formal linkages 
that include cooperation between a company's internal technical ac- 
tivities and those activities external to the company has taken place 
largely through private cooperative agreements. This occurs as an in- 
tegral component in a joint venture. 

In an earlier section, we pointed out the international character of 
every large corporation. This is very often implemented by a joint 
venture between a U.S. and foreign company, which has become a 
common mechanism for new business development that combines 
specific and well-defined assets of each company (there can be more 
than two) to pursue an agreed-upon business plan. While new tech- 
nology is not necessarily involved, the joint venture is very often 
based upon a technical advance by one partner. Thus, technical coop- 
eration involving people and, quite likely, technical groups from each 
company is a frequent feature of such ventures. There is either adapta- 
tion of new technology or a common development effort. When we 
consider the extent to which joint ventures involving two or more 
countries have multiplied in use throughout all industry sectors, this 
mechanism probably constitutes the most significant and effective 
form of technology transfer within the OECD countries. 

Several instances have arisen for private technical cooperation 
among a number of companies that involve the internal technical 
groups within the companies to a considerable extent. These have 
been necessitated by the complexity of the undertaking, the need for 
different technical contributions, or the sheer cost of the effort. One 
obvious example is the Concorde, involving Aerospatiale and British 
Aircraft, Ltd. Another is the establishing of major consortia to de- 
velop ocean mining systems, production, and sales, which involve 
giant U.S., European, Canadian, and Japanese companies. The recent 
intensity in microelectronics developments has led to the establish- 
ment of MCC, consisting of a substantial R&D effort funded by such 
major U.S. firms as Control Data Corporation (CDC), Honeywell, 
and Sperry (but not IBM), as a private effort to create major technical 
advances. Six European auto companies initiated an agreement in 
1980 to conduct cooperative R&D in areas of common interests (Brit- 
ish Leyland, Peugeot, Fiat, Volkswagen, Renault, and Volvo). 

Beyond these private efforts, as well as the "public" cooperation of 
the trade associations, there have been a number of major attempts to 
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involve industry in technical cooperation agreements under the spon- 
sorship, or at least the initiation, of a nonprivate organization. These 
are, almost by definition, public in nature. 

For example, we have referred previously to the 1983 program, 
ESPRIT. It has objectives in Europe similar to those of the private 
MCC in the United States. However, ESPRIT is structured as a pro- 
gram within the EC. Companies such as Thomson, Philips and 
Siemens will work on defined problems of common interest, funded 
partly by the participants and partly by the EC. 

There was an earlier program set up in 1970 by the EC called COST 
(Cooperation in Scientific and Technical Research). This facilitated 
R&D cooperation among members and covered a broad range of sub- 
jects such as optical fiber communication, advanced materials, and 
measurement of pollutants. Industry participation took place where 
the required skills and private benefits were compatible and agree- 
ments arranged with the countries involved. 



SIGNIFICANCE FOR INDUSTRY ROLE IN FUTURE 
INTERNATIONAL TECHNICAL AGREEMENTS 

Given industry characteristics and the rather considerable range of 
industry involvement in technical cooperation activities, what can we 
conclude as to the trends and possibilities for future participation in 
international technical agreements? 

The discussion to this point has deliberately mixed together both 
public and private agreements, both domestic and international. The 
principal intent was to focus on the conditions surrounding any coop- 
erative technical arrangement entered into by a private company. 
While this paper is not by any means complete in treating the subject, 
enough discussion of industry objectives, procedures, and involve- 
ment in cooperation has been presented to permit some appraisal of 
future actions on an international scale. 

In certain respects, industry today should be more receptive to in- 
ternational technical cooperation, provided such agreements are 
structured to take into account industry needs. There are several rea- 



carry through major technical advances alone in a number of fields. 
This has already led to industry initiatives in taking collective action 
in microelectronics (MCC, ESPRIT), energy (Electric Power Research 
Institute, or EPRI), chemistry (Chemical Research Council, or CRC), 
and others. 

Third, the growth of international joint ventures and the resulting 
increased private technical cooperation provide industry greater fa- 
miliarity with relevant technical activities throughout the world, and 
an appreciation of desired sources for cooperative action. 

The key criterion in the attractiveness of an international technical 
cooperative agreement is the extent to which it supports the activities 
and plans of the company. The simple fact is that the more interna- 
tional joint ventures proliferate and the more consortia are assembled 
to pursue large and complex programs, the greater is the need for the 
type of technical support offered by technical cooperation. 

For example, a large U.S. company that enters into an international 
joint venture accepts the fact that it is not self-sufficient technically to 
carry out the complete business plan alone. It is, therefore, a much 
more logical candidate, actually and psychologically, to participate in 
an international technical cooperative agreement of a public nature 
than a U.S. company with more limited objectives, which makes use 
only of its internal technical resources. 

There are, however, some observations as to the optimum role of 
industry in public international technical cooperation which follow 
from the preceding remarks: 

1. Industry benefits correlate better with mission-oriented pro- 
grams, e.g., energy conservation or microprocessor development, 
than with discipline-oriented ones, e.g., materials research or bio- 
chemistry. As mentioned earlier, much basic research is conducted 
within industry, but each company emphasizes those areas of basic 
science and engineering wherein advances in knowledge will have a 
high probability of supporting the company's present business and fu- 
ture plans. 

2. There are different inputs that should be expected and requested 
of industry representatives in mission-oriented cooperative agree- 
ments than from industry representatives in discipline-oriented ones. 
An industry representative in a basic research agreement is primarily a 



competent scientist or engineer who happens to work in industry. His 
inputs are based on technical knowledge and judgments about the 
subject, similar to his colleagues from government and university. In 
mission-oriented technical cooperation, the industry representative 
brings pragmatic judgments affecting the process for converting tech- 
nical advances to use problems in ultimate design and manufacture, 
market requirements, financial capabilities. These affect selection of 
projects and their conduct, and these are precisely why industry is 
both interested in these types of agreements and has a critical contri- 
bution to make. 

3. Despite what has just been said, it is easier for industry to take 
part in broad agreements dealing with basic research, health, and 
safety since they offer less probability of conflict with proprietary 
programs and the competitive positions of the separate companies. 

These comments apply to any cooperative agreements. What par- 
ticular criteria might apply to international cooperation? 

It would seem that some clues to answering this question lie in the 
growth of private international agreements plus the involvement of 
corporate personnel and the conduct of research within each corpora- 
tion as a component in cooperation. This combination of expanded 
international activity and active involvement of corporate people and 
facilities creates new potential for industry involvement in more pub- 
lic forms of international cooperation. 

First, this activity serves to identify subjects that are directly related 
to, or in support of, programs already being conducted by industry 
internationally. Second, the private international technical coopera- 
tion taking place among operating units of a multinational or among 
the partners of a joint venture brings to all parties an increased aware- 
ness of related R&D activities within the government and academic 
sectors of other countries. Thus, the ability to derive benefits from 
joining public cooperative agreements may be more easily seen, and 
the willingness to work with colleagues from other organizations is 
more likely to be present. 

Third, once an individual company has been able to separate its 
own competitive interests from those of a private international joint 
venture, it is a simpler step to separate still further those technical ac- 
tivities that appear critical to the interests of the joint venture from 



relationships with universities to provide linkages in particular areas 
of basic research or it can establish joint ventures with other compa- 
nies to provide appropriate technical cooperation internationally in 
private agreements. 

Nevertheless, the opportunities and benefits of well-planned public 
agreements in international technical cooperation should be of in- 
creasing value to industry. In turn, this should produce highly valu- 
able technology transfer from industry to the public sectors. Such par- 
ticipation should increase greatly if each party takes into account the 
interests of the others. 

This paper has not been in any way intended to be complete or de- 
finitive. The purpose has been to stimulate discussion on the subject. 
Since this subject is one to which little attention has been given, the 
paper should at least achieve that limited goal. 
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Discussion 



An entire afternoon of the workshop was devoted to a discussion of 
the roles, responsibilities, and contributions of U.S. governmental 
and nongovernmental organizations. Among the matters addressed 
was the federal government's role in promoting and facilitating inter- 
national cooperation from a policy, programmatic, and budgetary 
standpoint. Discussion also focused on the role of nongovernmental 
organizations such as the universities, professional societies, the 
Academy complex, and private industry as alternative modes for in- 
ternational cooperation. 

The discussion began with a consideration of the situation with re- 
spect to support from and involvement of the federal government. It 
was pointed out that, despite growing budgetary pressures and the in- 
creased importance of science and technology (S&T) in foreign pol- 
icy, the government is now devoting a smaller percentage of its total 
R&D investment to international cooperative activities than it did 25 
years ago. Part of the problem is that the United States does not have a 
permanent organizational focus for international S&T cooperation; it 
is all carried out through a very decentralized process of budgetary 
allocations. Thus, it is useful to distinguish between those activities 
undertaken in support of U.S. "domestic" R&D interests and those 
undertaken for a mix of foreign policy and scientific interests. 

A variety of considerations arise with regard to the first category. 
First, in order for the government to support this type of cooperation 
it must be judged compatible with and contributory to specific U.S. 



peer reviewed. In some cases, even if a project is determined to be 
compatible with a domestic goal, it may fail to coalesce due to the 
different approval processes involved in the cooperating countries. 
Similarly, there may be a problem with unparallel funding renewal 
procedures. On the other hand, once projects are approved and 
funded, it may sometimes prove difficult to "turn them off" once they 
have outlived their functional lifetime. 

Regarding the second category of projects, the question is not really 
whether cooperative S&T projects should serve mixed scientific and 
foreign policy objectives, but how such objectives can be served with- 
out doing damage to the scientific and technological components. 
Since by definition these projects are not competitive with domestic 
R&D budget objectives, there are major questions as to how they 
should be funded. For example, should they come out of domestic 
R&D budgets? Can separate budgets for international cooperation be 
defended in the budgetary process? The NSF currently uses both ap- 
proaches. In the future, there may need to be additional consideration 
given to increased use of segregated funds in line-item budget alloca- 
tions. The problem with this approach, however, is that segregated 
funds require little or no quality control, which often results in lower- 
quality work. Another approach discussed was that of giving the 
State Department access to "seed money" that it could make available 
to other agencies to develop cooperative projects that could not be 
justified solely on the basis of domestic priorities or scientific merit. 

It was noted that the lack of a "central instrument" for long-term 
strategic planning in science and technology including the identifica- 
tion of problems and opportunities is a continuing liability for the 
United States. There is a growing capability in Western Europe and 
elsewhere, and there is a need for qualified individuals in government 
who understand how the world research system operates and who 
have the freedom to adopt a longer-term view. On the face of it, the 
President's Office of Science and Technology Policy (OSTP) should 
play this role, but it is of necessity concerned with the day-to-day 
needs of the President and "quick reaction, short-term policy." At the 
same time, the climate in many of the federal agencies dealing with 
S&T is generally uncongenial to cooperative activities that do not re- 
late to their specific missions. Yet, it is also important for the U.S. 



government to originate long-range assessments of international S&T 
cooperation, because ideas that come solely from the scientific and 
technological communities often are discounted as self-serving. 

The National Science Foundation has played an important role in 
funding, implementing, and managing some of the major bilateral 
S&T agreements in which the United States is involved. But this is 
not a pattern that can be "expanded indefinitely," given the contin- 
uing trend toward signing bilateral S&T agreements as part of presi- 
dential visits without a concomitant increase in NSF funds. Some par- 
ticipants termed bilateral S&T agreements as "a mechanism in search 
of a program." 

It was indicated that "a whole new conceptualization of multina- 
tional science" may be required to convince U.S. policymakers of the 
domestic benefits that can be derived from international cooperation. 
While the international culture of science would tend to urge greater 
collaboration, there are powerful nationalistic forces working in the 
opposite direction. The result is that international science tends to de- 
volve back into unilateral actions. This is exacerbated by the view of 
some American scientists that international S&T cooperation repre- 
sents a "zero sum game" in which funding for international projects 
reduces the resources available for U.S. -based research projects. 

Formal U.S. international cooperation through multilateral chan- 
nels is increasingly problematic. (This discussion took place before the 
announcement of the U.S. intention to withdraw from UNESCO.) Al- 
though it is the government that contributes the dues to international 
organizations, it is the scientific community that is responsible for the 
content of the programs and the participation in the activities. There 
continues to be a real problem with getting the "right" people to attend 
international meetings and with designing and directing programs 
along scientifically valid lines. This is not as much of a problem with 
international organizations that have a narrow technical focus, but, 
for those with broad mandates, U.S. representation has often been at 
the political (rather than the technical) level. 

One participant raised the point that the "lumping together" of ba- 
sic science, applied science, and technological development makes it 
difficult to articulate and defend their value before the Congress and 
the general public. Yet such justifications become critical if support is 



operation and is extremely effective as an agent of technology transfer. 
However, because it ultimately must base such activities on profit and 
loss considerations, industry "picks and chooses" the situations where it 
finds it worthwhile to become involved in international cooperation. 
There also are some new factors affecting the extent of industry in- 
volvement, including: (1) increased use of "collective" industry research 
efforts (e.g., ESPRIT in Europe or the Gas Research Institute in the 
United States), (2) increased government interest in specific technologi- 
cal fields, and (3) recognition that international technical agreements 
are generally less effective without industry participation. 

Private companies cooperate for a variety of reasons. First, there is 
cost-effectiveness, i.e., avoiding expensive duplication of effort. Sec- 
ond, there are certain types of research activities, e.g., assessing the 
need for or cost of environmental regulations, that are not competi- 
tive activities and can be accomplished more expeditiously in a joint 
manner. Third, there are certain types of R&D investments, e.g., 
ocean mining, that require such enormous levels of capital that joint 
ventures are a necessity. Industry tends to be most interested and most 
effective in cooperating in mission-oriented areas. In order to get pri- 
vate industry even more involved in cooperative activities, it must be 
presented with a convincing case for doing so. 

One participant from private industry stated that the private sector 
accounts for more than 75 percent of all U.S. R&D, and perhaps 18 
percent of all basic research. He indicated that transborder collabora- 
tion is implemented through technology licensing, joint ventures, 
blanket information exchange agreements, training programs, and 
some cooperative R&D programs. Industry requires a much more fa- 
vorable "cost-benefit ratio" than currently exists to justify the sharing 
of information and resources. Bilateral agreements are considered 
generally to be too vague and unspecific, and so arrangements must be 
built "from the ground up" around the research of a particular individ- 
ual or laboratory. 

There are some types of R&D that industry engages in that do not 
have a strong competitive factor. These include, for example, public 
health, civil engineering, and environmental protection. These areas 
have heavy implications for business, for professional groups, and for 
society in general. Enhanced international cooperation may benefit all 
concerned. 



antitrust laws do not favor collaborative arrangements. At the same 
time, however, some of the large multinational corporations are al- 
ready functioning as S&T transfer mechanisms through the transbor- 
der movement of people and ideas among their subsidiary laborato- 
ries. There are also cases, such as the large coal gasification plant now 
operating in California, where private industry from a number of dif- 
ferent countries has invested jointly in the necessary R&D. 

Another participant pointed to the existence of the Pacific Council 
for Energy and Mineral Resources, which consists of 19 members from 
around the Pacific basin who are drawn equally from industry and 
governments. The council receives both public and private monies, 
and it sponsors a variety of activities including conferences and work- 
shops, exchange of data on geology and geophysics, and a geological/ 
geophysical mapping project. It is a highly successful example of re- 
gional cooperation in a specific field that also transcends the 
public/private sector boundary. 

A third focus of the discussion on the domestic basis for U.S. inter- 
national S&T cooperation was the role of nongovernmental organiza- 
tions (NGOs). The first institution discussed among this group was 
the science and engineering academy as a cooperative modality. It was 
pointed out that, although it is not a major part of its function, there 
are formal agreements between the National Academy of Sciences and 
other counterpart academies, particularly in centrally planned soci- 
eties. Communications between science academies serve as a basis for 
discussion of issues of concern to members of the international scien- 
tific community . The academies also provide a substantial amount of 
the infrastructure for the work of the International Council of Scien- 
tific Unions (ICSU) and related bodies. The academies, through the 
National Research Council Board on Science and Technology for In- 
ternational Development, support a range of activities and relation- 
ships with and for developing countries. 

Historically, the major U.S. private foundations have played a sig- 
nificant role in promoting international cooperation in science and 
technology particularly in the area of agricultural research but 
much of that support is now in the past. Though there are some excep- 
tions, those foundations that earlier were involved in international ac- 
tivities have increasingly turned their attention to local and national 
problems, often at the expense of international programs. 



eties that are exclusively disciplinary in their orientation. There is now 
some movement, however, toward international cooperation be- 
tween professional societies. One participant suggested that the inter- 
national activities of professional societies could be classified in four 
functional areas: pageantry, fraternity, vocational enhancement, and 
charity. 

Pageantry involves such activities as periodic international meet- 
ings of society presidents. In terms of fraternity, societies may send 
delegates to the meetings of sister societies in other countries, and they 
may sponsor very specialized exchanges and publish notices in each 
other's journals. Vocational enhancement is carried out through im- 
portant topical issues in international conferences. The charitable 
function is undertaken through the contribution without compensa- 
tion of time and talent in educational activities and participation in 
international committee meetings, etc. 

The American Association for the Advancement of Science 
(AAAS) maintains a consortium of affiliates for international pro- 
grams which is composed of approximately 70 scientific and engineer- 
ing societies. Similar linkages exist for engineering, including the 
World Federation of Engineering Organizations, and, in the western 
hemisphere, the Pan-American Organization of Engineering Societies. 
On the other hand, it was also mentioned that there is sometimes a 
difficulty in establishing international programs where an appropriate 
counterpart society does not exist in other countries. 



Bilateral Cooperative 
Modalities 



U.S. -European Cooperation 
in Space Science 

A 25- Year Perspective 

John M. Logsdon 



In the 25 years that the United States has had a government space pro- 
gram, international cooperation has been one of its major themes; an 
objective of the National Aeronautics and Space Act of 1958, which 
was the charter for the civilian space program and which established the 
National Aeronautics and Space Administration (NASA), was 
"cooperation by the United States with other nations and groups of na- 
tions in work done pursuant to the Act and in the peaceful applications 
thereof." 1 Armed with this legislative mandate, with presidential and 
congressional support for a U.S. civilian space program that empha- 
sized openness and scientific objectives, and with already existing pat- 
terns of cooperation in space science, NASA has since its inception con- 
ducted an active program of international partnership. 

In space perhaps more than in most areas of international science, it 
has been the policies and initiatives of a government agency and its top 
officials, rather than those of the scientific and technical community, 
which have established the U.S. attitude toward cooperative undertak- 
ings. Although NASA's international programs have involved the 
Soviet Union, Canada, Japan, and various developing countries, its 
primary cooperative partner has been Europe both individual Euro- 
pean countries and the various European space organizations that have 



Experiments 

Cooperative With Foreign 
Spacecraft Principal 

Projects Investigators 



Total, Europe 


33 


52 


European Space Agency 


8 


1 


France 


2 


17 


Federal Republic of Germany 


7 


11 


United Kingdom 


7 


18 


Italy 


6 


1 


Netherlands 


2 


3 


Other 


1 


1 



TOTAL, All countries 38 73 

"includes past and currently approved cooperative projects. 
SOURCE: NASA, 25 fears of NASA International Programs, January 1983. 



The U.S. -European partnership in space science has been on the 
whole remarkably successful, both in terms of cooperation between the 
United States and individual European countries and between the 
United States and Europe's multilateral space science agencies, the Euro- 
pean Space Research Organization (ESRO) and its successor, the Euro- 
pean Space Agency (ESA). Projects such as Ariel (United States-United 
Kingdom), Helios (United States-Federal Republic of Germany), Infra- 
Red Astronomy Satellite (United States-United Kingdom-the Nether- 
lands), International Ultraviolet Explorer (United States-United King- 
dom-European Space Agency), and International Sun-Earth Explorer 
(United States-European Space Agency) are just a few of the major 
scientific undertakings which have benefited from U.S. -European col- 
laboration. This record of success must be kept in mind in evaluating 
any past and current stresses in the cooperative relationship. 

As the U.S. space program enters its second quarter century, there are 
significant changes in U.S. -European cooperation; the major reasons 
for these changes include: the increased maturity and level of space 
capability that Europe is bringing to the partnership; the consequent ad- 
dition of a competitive dimension, both in scientific and economic 
terms, to the relationship; the increasing cost of space science missions; 
and the relative scarcity of financial resources available on both sides of 
the Atlantic for space science. 



own launch capability in the Ariane series of expendable boosters and is 
using that autonomous capability not only to launch its own spacecraft 
but also to compete with the space shuttle for other launch contracts. 
European countries are also developing satellites for earth observation 
and communications and exploring the potential of space manufactur- 
ing, with the objective of competing with the United States for eco- 
nomic payoffs from space. 

Further scientific cooperation in space between the United States and 
Europe will occur in this mixed context of collaboration and competi- 
tion. The state of that cooperation is vigorous, as both the United States 
and Europe continue the fascinating adventure of exploring the nature 
of the solar system and the cosmos that is made possible by space 
technology. 

ORIGINS OF U.S. COOPERATIVE PROGRAMS 

As the late Homer Newell, one of the U.S. pioneers in space science 
and an early and strong advocate of international cooperation in space, 
has noted, "With roots in the International Geophysical Year, which 
had already generated a lively interest in the potential of satellites for 
scientific research, one might argue that the appearance of an interna- 
tional component in the NASA space science program was inevitable." 2 
The International Geophysical Year (IGY), organized under the spon- 
sorship of the International Council of Scientific Unions (ICSU), was an 
18-month (July 1957-December 1958) effort involving 66 countries, 
some 60,000 scientists, and the expenditure of hundreds of millions of 
dollars; both the Soviet Union and the United States agreed in 1955 to 
launch scientific satellites as part of IGY activities. 

There was in place at the very start of the space age, therefore, a nas- 
cent international community of scientists who saw space technology as 
providing exciting opportunities for extending and expanding their in- 
vestigations. This community was quick to press NASA to keep its pro- 
gram open to international involvement. This pressure was congenial, 
since one reason that the United States had decided to house its major 
space activities in a separate, civilian government agency was to present 
to the world an image of peaceful intent and open style; this was in 
deliberate contrast to Soviet space activities, which were controlled by 
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and to science. Even the scientific objectives . . . were of interest and 
possible value to the military." 3 Added to this "dual use" character of 
space technology and some areas of space science was the role of space 
achievement as an area for superpower political competition, par- 
ticularly after the United States launched the Apollo program in 1961. 
The scientific activity involving the use of space systems took place in 
a highly charged political and military environment . By carefully defin- 
ing the conditions under which cooperative activities would be initiated 
and carried out, NASA was able to conduct an international program 
that has been relatively free from distortion for political purposes and 
from limitations because of military sensitivities. Even so, with respect 
to space cooperation "a clear duality dogs both the history and the pros- 
pects of international partnerships." 4 

NASA GUIDELINES AND OBJECTIVES FOR 
INTERNATIONAL COOPERATION 

When NASA announced to the ICSU's Committee on Space Re- 
search (COSPAR) in March 1959 that it would assist COSPAR members 
in launching scientific experiments and satellites, the agency had 
already under development a set of policy guidelines for such coopera- 
tion. Those guidelines have survived periodic reexamination and re- 
main in force today. They reflect "conservative values" 5 with respect to 
the conditions under which cooperation is desirable; shaping those 
values were both the recognition of the political significance of space ac- 
tivities and the strong personalities of such individuals as Newell and 
Arnold Frutkin, who directed NASA's international program from the 
agency's earliest months until the mid-1970s. 

The essential features of NASA guidelines are: 

Cooperation is on a project-by-project basis, not on a program or 
other open-ended arrangement. 

Each project must be of mutual interest and have clear scientific 
value. 

Technical agreement is necessary before political commitment. 
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international programs, it does not fund an international program." 
Rather, "funding for international projects must come out of the NASA 
program offices," and "for an international approach to a project to be 
undertaken it must not only contribute to achieving the goals of the in- 
terested program office, but it must be considered to be among the best 
approaches to achieving those goals." 7 This emphasis on technical 
soundness and scientific merit has been a consistent feature of the 
U.S. -European cooperation over the past 25 years, whatever other ob- 
jectives are sought through such cooperation. As one perceptive 
analysis notes, "although NASA recognizes possible political benefits 
from achieving utilitarian goals, NASA's cooperative programs are 
justified almost entirely on technical and scientific grounds, both within 
and outside" the agency. 8 

The objectives of NASA's international programs can be grouped as 
follows. 

Scientific / Technical 

"Increasing brainpower working on significant problems and ex- 
panding scientific horizons by making space an attractive field for re- 
search." 9 

Shaping the development of foreign space programs to be compati- 
ble with the U.S. effort "by offering attractive opportunities to 'do it our 
way'." 10 

Through such influence, limiting funds available in other countries 
for space activities that are competitive or less compatible with U.S. 
interests. 

Obtaining unique or superior experiments from non-U.S. investi- 
gators. 

Obtaining coordinated or simultaneous observations from multi- 
ple investigators. 

Increasingly making available opportunities for U.S. scientists to 
participate in the space science missions of other countries or regions. 



Economic 
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U.S. aerospace products." 13 



Political 



Creating a positive image of the United States; "the U.S. program 
of cooperation in space reaches a scientific, technical, and official elite 
in the struggle for minds." 14 

Encouraging European unity; the U.S. space program "lends itself 
admirably to cooperation with multilateral institutions in Europe." 15 

Reinforcing the image of U. S . openness in contrast to the secrecy of 
the Soviet space program; "when NASA was organized ... the 
keystone of Government space policy was to give dramatic substance to 
the claim of openness and, at the same time, to seek credibility for the 
nation's assertion that it entered space for peaceful, scientific purposes. 
This was done . . . most importantly, by inviting foreign scientists to 
participate extensively and substantively in space projects 
themselves." 16 

Using space technology as a tool of diplomacy to serve broader for- 
eign policy objectives. 

While the priority given to these various objectives has varied over 
time and mission opportunity, at the core has been a policy that per- 
mitted this country's closest allies to become involved in the U.S. space 
effort. Indeed, some have criticized NASA for making possible such 
participation, at minimal cost, in an effort paid for almost entirely by 
U.S. taxpayers; "benefit, know how and opportunity were shared to an 
extent that was entirely unprecedented where an advanced technology 
was involved, particularly one with such strong national security 
implications." 17 

EVOLUTION OF U.S.-EUROPEAN COOPERATION 
IN SPACE SCIENCE 

During the "golden age" of the U.S. space program, from the begin- 
ning of the Apollo buildup in 1961 through its peak in the 1965-1966 
period, NASA's international activities grew rapidly along with the rest 
of the agency's efforts. Before the first Apollo 11 moon landing in July 
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carried through to the current day, but, as one top-level participant has 
commented, "when resources abound and opportunities are plentiful, a 
cooperative attitude abounds. . . . When the resources and oppor- 
tunities shrink, . . . altruism takes a back seat and . . . scientists take a 
more selfish view of cooperation." 18 

Several factors have influenced the evolution of U. S . -European space 
cooperation in the 1970-1983 period. In no particular order of impor- 
tance they are: 

1. A shrinkage in the NASA budget overall in the post-Apollo era; 
the space science budget came under particular pressure as the share of 
overall resources going to shuttle development increased. This meant 
fewer science missions and more competition among U.S. scientists to 
get their experiments on the missions which were approved. 

2. A broadening of NASA's international program to encourage Eu- 
ropean participation, not only in science missions, but also in develop- 
ing large space systems including manned space flight elements. 

3. The evolution of the 11-member European Space Agency (ESA), 
founded in 1975, into an effective entity that has carried out a successful 
science program of its own and has managed several space applications 
projects and two major hardware development programs, Spacelab and 
Ariane. The national space programs of France, Germany, Italy, the 
Netherlands, and the United Kingdom, each with differing emphases, 
are also vigorous. 

4. More recently, growing concern in the United States that coopera- 
tive undertakings in space, including space science, could serve as 
vehicles for unwanted transfer of militarily or economically sensitive 
U.S. technology to other countries. 

While Europe has continued to cooperate with the United States, it 
has also become a formidable competitor in various categories of space 
applications and in some fields of space science. Europe is now a very 
capable actor in space, and it could become more difficult for the United 
States to develop cooperative projects on its preferred terms. While the 
United States remains the partner of choice for ESA and individual Eu- 



. . . might not fulfill their commitments." This concern has diminished 
over time; "in the few cases where serious delays occurred, as in the 
Solar Polar project, it was more often the United States that was respon- 
sible .... Had NASA personnel not been susceptible to the then univer- 
sal belief that other nations necessarily lagged behind the United States 
in technological capability, the policy of collaboration in space matters 
could almost certainly have been even more rewarding." 19 For another, 
when foreign experiments have been selected by NASA, some U.S. 
scientists have raised the question of whether the foreign experiment 
was really selected over a competing U.S. experiment based on merit or 
whether it was selected because it would be provided to NASA free of 
charge. 20 Another reservation with respect to foreign participation has 
been that "by selecting a high- technology experiment, the United States 
encourages development of the industrial base in the foreign country 
which will contribute to a decreased United States competitive position 
in world trade." 21 Yet another concern is that management of a U.S. 
space science project is greatly complicated by the need to integrate the 
experiments or other contributions from a foreign partner. 

While growing European capability has muted concern about the first 
of these factors, it has also created a healthy competition among all 
space scientists for access to orbit and beyond for their experiments. 
While European scientists have always been able to propose ex- 
periments on U.S. missions, U.S. scientists are only now gaining a 
reciprocal opportunity to serve as principal investigators for ex- 
periments on ESA missions. 

A major attempt to engage Europe with NASA's technology develop- 
ment efforts took place in the 1969-1973 period, as NASA itself sought 
to gain presidential and congressional approval of an ambitious post- 
Apollo program of manned space flight. The negotiations on European 
participation in the post-Apollo manned program were much more 
political in character than prior (and subsequent) negotiations on 
cooperative undertakings in space science. This post- Apollo ex- 
perience, perhaps justifiably, has left a lingering "bad taste" in Europe. 
NASA's objective was "to stimulate Europeans to rethink their present 
limited space objectives, to help them avoid wasting resources on ob- 
solescent developments (this was a reference to European plans to 
develop an independent launch capability) and eventually to establish 
more considerable prospects for future international collaboration on 



when their approval by the President was very uncertain. Indeed, 
within the United States NASA tried to use the prospect of cost sharing 
with Europe as a selling point for approval of these programs. When 
only the space shuttle remained as a potential program, NASA encour- 
aged Europe to consider developing both components of the shuttle or- 
biter and a separate major project, a reusable orbital transfer vehicle 
called a "space tug." However, NASA was forced to withdraw these of- 
fers at the last minute when the Air Force, whose support was needed 
for shuttle approval, objected to European development of essential 
elements of the Space Transportation System; when concerns regarding 
excessive transfer of propulsion technology were raised; and when 
some in NASA became concerned about the safety implications of plac- 
ing a cryogenically fueled tug in the shuttle payload bay. Finally, NASA 
offered Europe the comparatively simple and less expensive task of de- 
veloping a "research and applications module" to fit into the shuttle 
payload bay; this is what became the Spacelab project. 

By this time, Europeans were rather skeptical with respect to NASA 
overtures, but they (particularly Germany) had also become so eager to 
embark on manned flight activities that they agreed to develop the 
Spacelab system under what in hindsight have been seen as unfavorable 
terms; the first set of flight hardware, developed with European funds, 
was to be transferred to NASA, and after an initial joint NASA-ESA 
mission that included flying a European payload specialist, Europe was 
to pay for future shuttle-Spacelab flights. NASA agreed to buy a second 
set of flight hardware from Europe, but "a significant segment of the 
European space community believes that the United States is getting the 
lion's share of the benefits from Spacelab." 23 

European space officials have described themselves as "stupid" in ac- 
cepting the U.S. terms for involvement in its post- Apollo program and 
believe that such acceptance stemmed from lack of confidence in Euro- 
pean capabilities and from a belief that only through cooperation with 
the United States could those capabilities be improved. Now, having 
brought both Spacelab and Ariane to success, Europe has much more 
confidence in its ability to chart its own future in space and it will be a 
more demanding participant in negotiations with the United States over 
cooperative ventures. 24 

European confidence in the United States as a cooperative partner 
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protests from not only European space officials but also representatives 
of foreign ministries. 25 In this case, "NASA's success in international 
participation became a political liability" 26 ; NASA was forced to reduce 
funding in a major space science mission, and all three existing large mis- 
sions the Space Telescope, the Galileo mission to Jupiter, and the 
Solar Polar mission had major European involvement. 

There is general agreement that the ISPM affair was handled clum- 
sily, and both the United States and Europe have moved beyond it, al- 
though European officials are not beyond using U.S. guilt over the inci- 
dent as a bargaining chip in U.S. -European negotiations on future 
collaboration. 

In summary, U.S. -European cooperation in space has become a 
much more complex enterprise in the last 10 years as both U.S. and Eu- 
ropean space efforts matured. While the balance sheet in that enterprise 
remains strongly on the positive side for all participants, competition 
and conflict have joined collaboration as hallmarks. 

CURRENT ISSUES IN U.S.-EUROPEAN COOPERATION 

The major U.S. science missions now approaching launch, the Space 
Telescope and the Galileo spacecraft to Jupiter, have major participa- 
tion by Europeans, and there is every anticipation that there will be con- 
tinuing cooperation as both the United States and Europe begin new 
missions. The following are some of the issues which will influence the 
development of that cooperation. 

Closer Coordination and Collaboration in Planning and 
Conducting Space Science Efforts 

The task of maximizing the scientific payoff from the resources avail- 
able in the United States and Europe (and other countries) for space re- 
search is perhaps the key continuing issue in this area. The United 
States, ESA, and various European countries are all fully capable of 
undertaking major space science missions on their own, but with limited 
funds available on both sides of the Atlantic, there is a need to develop a 
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One of these NASA/ESA space science planning meetings occurred 
in June 1983, and the issues addressed exemplify the problems and po- 
tential of a coordinated approach to future space science undertak- 
ings. 27 Three areas of cooperation were discussed: 

infrared astronomy 

solar terrestrial research 

planetary exploration 

In the first of these areas, in essence the United States and ESA 
"agreed to disagree." The issue under discussion was the next step 
beyond the highly successful U.S. -Dutch-British Infrared Astronomical 
Satellite (IRAS) launched in early 1983. Both the United States and ESA 
have developed future mission concepts, and the two approaches are 
not compatible. The meeting noted both "NASA's strong interest in col- 
laborating to develop a single major international infrared space 
telescope facility" (presumably based on the U.S. mission concept) and 
"the firm commitment of ESA" to its mission. Recognizing that "the dif- 
ferences in orbit and launch vehicle restrict any major hardware col- 
laboration," NASA and ESA agreed to coordinate the planning for the 
separate missions to maximize their complementarity and overall scien- 
tific return, but also for the time being abandoned any hope of a joint 
mission. 

By contrast, an examination of the large number of missions under 
study in the United States, Europe, and Japan in the area of solar ter- 
restrial physics identified "considerable merit in considering a joint . . . 
mission"; NASA and ESA established a working group, which will also 
include Japan, to "look for joint missions which can satisfy the main 
scientific requirements in a cost-effective way." Similarly, NASA and 
ESA agreed in the planetary exploration area "to identify mutually 
beneficial opportunities for cooperative missions." In particular, the 
two agencies are to study a joint Saturn-Titan probe mission for a 1992 
launch. Planetary exploration is one of the areas of international scien- 
tific cooperation agreed on at the recent series of summit meetings and is 
also the focus of attention of a National Academy of Sciences/ Euro- 
pean Science Foundation working group. A cooperative Saturn-Titan 
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Understanding for close collaboration in this mission, thus ensuring 
continuity in the field for U.S. as well as European scientists. 28 

There is a growing need for the United States, Europe, Japan, 
Canada, and perhaps eventually the Soviet Union and other space- 
capable states to work together in space science, from the early stages of 
developing a mission concept to the joint funding and conduct of 
various missions. Because of its dominant position in free-world space 
activities, the United States in the past has been largely able to shape 
such collaboration to its own objectives. This situation no longer ob- 
tains, and there could be a difficult period of adjustment for this country 
as the new reality of partnership among relative equals becomes the 
standard pattern. It may prove advantageous for NASA to engage the 
U.S. scientific community more intimately in developing its interna- 
tional programs; this could minimize international misunderstandings 
and perhaps blunt nonproductive and expensive competition. In space 
science, as in many other areas, the United States is adjusting to the 
recognition that it cannot be first in everything. 

Involvement of Non-NASA Scientists in 
Shaping International Cooperation 

"At present, ideas for joint international endeavors are primarily de- 
veloped at formal meetings between representatives of the various gov- 
ernments .... There is a need for a more effective forum which would 
enable space scientists and managers to exchange ideas informally." 29 
While NASA plans its science programs in close consultation with the 
external science community, including the Space Science Board (SSB) 
of the National Academy of Sciences, there is little tradition of SSB 
involvement in international space science matters. The National 
Academy of Sciences is the U.S. member in COSPAR, but that forum 
has little apparent influence on national space programs. Of course, in- 
formal interaction among space scientists in various countries interested 
in similar scientific problems is a major source of project proposals both 
in the United States and within Europe. 

The nearest European equivalent to the SSB is the Space Science 
Committee (SSC) of the European Science Foundation. This committee 
has a small budget and has not developed close ties with the ESA. 
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establishing standing SSB-SSC working groups in selected areas of 
space science. 

In a separate development, at the initiative of the heads of the Euro- 
pean Science Foundation and the National Academy of Sciences a joint 
SSB-SSC working group on planetary exploration has been established. 
The U.S. side of this group is composed mainly of individual scientists 
who are closely related to NASA's Solar System Exploration 
Committee. 

All of these developments may represent initial steps in opening up 
the process of planning U.S. -European cooperation in space science to 
more structured participation of nongovernment scientists. As scientific 
competition among those working in space becomes increasingly inter- 
national, such involvement may be required to reach agreement on how 
to coordinate or cooperate in research on major scientific problems. 

Access for U.S. Experimenters to European Science Missions 

If Europe is to approach parity in influencing the direction of progress 
in various areas of space science, there must also be a mutuality of op- 
portunity for U.S. and European scientists to participate in the resulting 
activities. NASA has from the start opened its "Announcements of Op- 
portunity" to all free-world scientists, but ESA and individual European 
countries have limited access to their scientific missions to European 
scientists, at least as principal investigators. This policy may have been 
defensible as a means of developing a European space science commu- 
nity, but NASA is now demanding reciprocity of access. Germany has 
already indicated its willingness to comply. For the ESA mission to 
Halley's Comet, Giotto, 9 of the 10 experiments have U.S. 
coinvestigators (a total of 33 individuals); ESA has agreed in principle to 
open up its future missions to U.S. principal investigators, and a 
NASA/ESA committee is now studying how best to implement that 
agreement. 

Increasing Militarization of Space Activities 

Space technology had its origin in military missile and satellite pro- 
grams, and there has been continuing attention to ensuring that the in- 
ternational programs of NASA do not provide access to militarilv sensi- 
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It is well beyond the scope of this paper to discuss the increasing mili- 
tary interest in various uses of space technology, but if the DOD budget 
for space, which is already larger than NASA's, continues to grow, 
there is likely to be an impact on international space activity. One 
possibility is increased international cooperation on defense applica- 
tions of space among the United States and its NATO allies. Other areas 
of scientific collaboration have been able to coexist with military in- 
terest in the same scientific area and its underpinning technologies, and 
this duality has been present in space from the beginning; nevertheless, 
the changing context of space activity must be of concern to those in- 
terested in promoting open international cooperation in space science. 
In particular, several members of ESA are neutral states that could ob- 
ject to being involved in cooperative activities with the United States 
which had any hint of military overtones. 

Impact of Space Shuttle on Scientific Cooperation 

The space shuttle is an extremely capable launch system and short- 
term orbital platform. It offers scientists a much different environment 
than previously available in which to design and operate their ex- 
periments; there is even the chance to accompany them into orbit. 
Europe has recognized the shuttle's potential and is designing systems 
for its own and cooperative space activities which can only be used with 
the shuttle. These include Spacelab, of course, and an ESA-developed 
unmanned free-flying platform called Eureca, scheduled for a 1987 
launch. As the shuttle, Spacelab, and other systems become more 
familiar to scientists, there will emerge innovative ways to take advan- 
tage of these new capabilities. 

However, U.S. and European scientists will also share a common 
problem as they plan their missions for the Space Transportation 
System; because it is a manned system, the requirements for qualifying 
payloads to go aboard it and for supporting those payloads with 
documentation are both demanding and expensive, especially in com- 
parison to similar requirements for unmanned launches. When Euro- 
pean scientists began to plan for the use of Spacelab, for example, they 
"were really shocked by the requirements for testing and documenta- 
tion and the associated cost of those requirements." 31 Europe is continu- 
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its experiments; the result is that "continuous use of Spacelab by those 
who built and financed it is not likely." 32 Whether the shuttle will prove 
to be a crucial asset for those planning future science missions or a 
source of costs which limit the number of missions that are affordable is 
yet to be determined, but the impact of the shuttle is of crucial impor- 
tance to U.S. and European space scientists alike. 



Possible U.S. -European Collaboration on Space Station 

Just as U.S. -European interaction over a European role in NASA's 
major post- Apollo programs has colored the whole of trans-Atlantic co- 
operation in space over the past decade, so may the outcome of the in- 
itial interactions over European participation in NASA's proposed 
space station program affect the overall prospects for European-U.S. 
collaboration over the next decade or more. This impact could have 
several dimensions. Europe has been following NASA's planning for 
the space station quite closely and has carried out parallel studies of op- 
tions for European participation; in essence, NASA and ESA are 
already travelling together down a path that could lead to a major Euro- 
pean role in an evolving station effort . This early and close involvement 
is quite different from what occurred in the post-Apollo period and 
signifies how closely the U.S. and European outlooks on space have 
become interwoven. 

If, after this start, something intervened to make large-scale collabo- 
ration on station development impossible, there would certainly be a 
ripple effect on other areas of cooperation. On the other hand, a joint 
decision to move ahead with significant collaboration on the space sta- 
tion would cement the increasingly intimate relationship between the 
planning and conduct of U.S. and European space activities. While 
there would still be both economic competition and rivalry over scien- 
tific achievement, they would occur within a broader cooperative 
framework. 

One rationale for developing a space station and associated infra- 
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Kenneth Pedersen, current NASA Director of International Affairs, 
has commented that "international space cooperation is not a charitable 
enterprise; countries cooperate because they judge it in their interest to 
do so." 33 This observation can be extended to the level of individual 
space scientists; in the 25 years since scientific experiments in outer 
space became feasible, U.S. and European scientists have found it in- 
creasingly in their individual and mutual self-interests to carry out much 
of their activity on a cooperative basis. NASA's policies have encour- 
aged and facilitated such cooperation; one result has been the nurturing 
of a vigorous space science community in Europe as well as in the United 
States. 

That community today recognizes the high stakes involved in main- 
taining effective communication and cooperation across national 
borders; this appears the only way for space science to thrive. The sim- 
ple missions have already been flown, resources for space science are 
scarce, and a coordinated approach to the planning, funding, and con- 
duct of complex science missions makes eminent sense. New ways to 
allow space scientists to join with the government organizations 
through which they function in a collaborative enterprise of cosmic 
discovery may be needed, but in general the outlook for international 
space science in the coming decades is one of great promise and 
excitement. 
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The U.S. -Japan Bilateral 

Science and Technology 

Relationship 

A Personal Evaluation 
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THE QUESTION 

Scientific and technological cooperation between the United States 
and Japan at the governmental level is probably more intensive and 
extensive than any other such relationship that the United States en- 
joys. It predates by several decades the present period of economic 
contention between the two nations and therefore cannot be attrib- 
uted to some recently discovered perception of Japanese technical ca- 
pability assuming momentarily that the impetus for establishing co- 
operative agreements and programs has come primarily or exclusively 
from the American side. Now that Japan has achieved eminence as a 
leading purveyor of sophisticated consumer products in international 
markets, the question arises often at the political level as to whether 
governmental technical cooperation is needed any longer, or to cast 
the question in more negative terms, whether further cooperation is 
detrimental to American economic interests. 

Similar questions have been raised repeatedly in years past concern- 
ing U.S. technical relationships with Communist nations, but with a 
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viewed correctly as more or less unilateral technical assistance to the 
less-developed nations. We then find that the U.S. -Japan bilateral re- 
lationship should be considered as being of the greatest importance of 
all to the United States if the principal criterion for international tech- 
nical cooperation is that there is the prospect that the United States 
will receive roughly as much technical benefit as it provides. With this 
being said, an agreed means for determining the extent of reciprocity 
remains to be found. It is extremely doubtful that a comprehensive, 
objective formula for this purpose exists now or will be created in the 
future and therefore any evaluation of the U.S. -Japan relationship will 
be considered subjective or biased, depending on the degree of knowl- 
edge or experience or upon the prejudices of the observer. 

My own involvement with affairs Japanese goes back to the mid- 
1960s, when as an official of the now-defunct Atomic Energy Com- 
mission I established contacts with Japanese scientists and engineers in 
the field of radioisotope applications. This resulted in a trip to Japan 
in 1966 and a determination to keep up with Japanese science and 
technology. During the 1973-1974 period, I represented the Depart- 
ment of State in negotiating a bilateral agreement with Japan on en- 
ergy research and development, which culminated in another visit to 
Japan following the signing of the agreement by Secretary of State Kis- 
singer and the Japanese Ambassador in Washington. Early in 1975 I 
was sent again to Japan as a member of a delegation conducting a 
"blue ribbon" review of the science and technology relationship under 
the direction of Ambassador T. Keith Glennan. Later that year, I was 
posted to Tokyo as the Counselor for Scientific and Technological Af- 
fairs in the American Embassy, where I served until the summer of 
1981. While these credentials may appear fairly impressive, they are 
not by themselves sufficient, for two reasons. First, as is customary in 
State Department operations, Embassy officials were not routinely 
consulted in the development of policies toward the host country and 
I was not always privy to the formulation of U.S. science and technol- 
ogy policies or to the internal Washington debate about them. Sec- 
ond, during the 6 years that I spent in Japan, I was never afforded the 
opportunity to participate in or to observe any of the counterpart 
meetings or technical visitations that took place in the United States 
under the various cooperative agreements, so my observations are 
limited to a ronsidprablp pxtpnt to what took nlacp in Tanan. 



BIRTH OF THE BILATERAL TECHNICAL RELAIlUNbHIF 

The use of formal governmental agreements to facilitate technical 
exchanges between the United States and other countries appears to be 
largely a post-World War II phenomenon. Certainly this is true as far 
as Japan is concerned. With the conclusion of the war, technical assis- 
tance to Japan began almost immediately as part of the reconstruction 
efforts of the U.S. occupation forces. Perhaps partly as a consequence 
of this, Japanese scientists and engineers who might formerly have 
turned to Europe to reestablish their international technical relation- 
ships began to interact more and more with Americans and to follow 
American rather than European developments. Furthermore, Europe- 
ans logically were more concerned with their own reconstruction than 
with what was happening in Japan. It is not necessary to elaborate on 
American assistance to the Japanese in such fields as public health, 
transportation, basic industry, and education, except to note that this 
took place and that a lasting and favorable impression was made on 
the Japanese. 

However, there was one highly technical mode of cooperation that 
began immediately after the war that could have been the progenitor 
for all that followed. The creation of the Atomic Bomb Casualty 
Commission (ABCC) by executive order of the President in the fall of 
1946 actually followed by about a year the formation of a joint com- 
mission (on October 12, 1945) to investigate the medical effects of the 
bombings of Hiroshima and Nagasaki. The joint commission was 
composed of American military scientists, who "had the willing and 
active assistance of Japanese scientists." In fact, Dr. Masao Tsuzuki of 
Tokyo Imperial University was designated one of the four chief scien- 
tists or medical officers of the commission, and dozens of Japanese 
physicians, medical students, pathologists, and other professionals 
provided their full cooperation. Thus, in the most traumatic period of 
Japan's history the victors and the vanquished were able to establish 
immediate and full collaboration in what was a grim but necessary 
task one that both sides hoped would never be repeated. 

The ABCC, a civilian organization funded by the Atomic Energy 
Commission, continued the vital work of documenting the effects of 
the nuclear explosions. It also was composed of both Japanese and 
American scientists, with as many as 50 American scientists being in 
residence in lacan at one time. Bv official agreement between the two 



oDjecuvity, out organizational ana administrative proDiems nave 
plagued the program on occasion, and it has not been free of political 
issues either: 

Different management styles have had to be reconciled. 
Problems of obtaining funds on each side have caused some 
rancor. 

Antinuclear movements in Japan and in the United States have 
attacked the credibility of the research performed when the demon- 
strable effects of lower levels of radiation on humans have proven to 
be less than those postulated by some scientists outside the program. 

In one instance, the Japanese government insisted that a large 
computer needed for the Hiroshima laboratory be purchased from a 
Japanese concern, although the Japanese staff of the laboratory had 
concurred in the selection of an American computer. 

The Japanese populations at risk in Hiroshima and Nagasaki and 
cohorts of unexposed people (the controls) in the two cities reacted 
adversely when it was decided that free medical treatment and exami- 
nations would no longer be provided by ABCC (or RERF) clinics and 
the clinics were closed, although free medical care was continued in 
other nearby Japanese hospitals. 

Notwithstanding the turmoil and the difficulties, RERF continues in 
operation, producing invaluable data. It is strange to me that this old- 
est and largest of all U.S. -Japan bilateral scientific programs, which 
was born out of war and has continued for almost 40 years in peace, is 
almost unknown outside of Japan. I do not even find this program 
listed in tabulations of agreements published by the Department of 
State, the Congress, or Japanese organizations. The reasons may be 
psychological, sociological, or political, although I cannot discount 
pure oversight or a simple matter of definition. 

SOME OTHER TRIED AND TRUE AGREEMENTS 

Atomic Energy 

By my reckoning the next oldest bilateral agreement with heavy 
technological content is the Agreement for Cooperation in the Civil 
Uses of Nuclear Energy. This complicated document, which was first 



signed in 19oo and nas been amended several times since, serves many 
purposes. By law, the United States must enter into such agreements 
with nations or groups of nations wishing to receive fissionable mate- 
rials, nuclear reactors, and other nuclear materials and technology. 
Until 1954, transactions of this kind were prohibited, but the Atomic 
Energy Act of 1954 authorized international cooperation by the 
United States for the first time and specified in considerable detail how 
agreements for cooperation were to be the vehicles for such coopera- 
tion. Japan was the first individual nation to enter into an agreement 
with the United States, thereby setting a course in which it would rely 
almost completely on the transfer of American equipment, materials, 
and technology to establish one of the world's largest nuclear power 
programs. Except for one small nuclear power plant purchased from 
the United Kingdom and several research, test, or prototype power 
reactors built completely by indigenous means, all of Japan's 20-odd 
nuclear power plants are of American origin. 

It can be argued that in this sense the nuclear agreement is not truly 
a scientific or technical one but rather a business arrangement. Per- 
haps this is true to some extent, since it authorizes only the transfer of 
technical information that is unclassified and hence in the public do- 
main and actually is a restrictive document that heavily constrains 
certain aspects of Japanese nuclear development by unilateral U.S. 
rights of approval for prescribed undertakings. Nonetheless, Japan 
agreed to this course and was able to develop a nuclear power capabil- 
ity that places it among the world's leaders. The United States, on the 
other hand, obtained substantial economic and political benefits. Ja- 
pan has paid hundreds of millions of dollars in license fees and pro- 
curement awards to American reactor manufacturers and equally 
large sums of money to the Atomic Energy Commission and its succes- 
sor agencies for the purchase of nuclear fuel services (primarily the 
isotopic enrichment of uranium). 

Within this mutually favorable business environment, Japan has 
been able to develop its own nuclear fuel cycle capability to the point 
where it could be independent of American sources of materials and 
technology if it wished. This often unstated objective is important to 
Japan a country without sufficient natural resources to survive if it 
were to be cut off from other parts of the world by political or eco- 
nomic adversity. Contrary to the common view of Japan in the United 
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could change in the future, and in fact there are signs that this is begin- 
ning to happen. However, the international market for nuclear power 
plants is not exactly thriving and competition is already severe. 

The umbrella of cooperation afforded by the nuclear agreement has 
led in due course to major collaborative efforts between the two coun- 
tries in nuclear research and development. In the fast breeder reactor 
field, an initial agreement was concluded in 1969 involving exchanges 
of scientists and engineers and joint funding of specific projects. The 
agreement was expanded and renewed for another 10-year period in 
1979. Japan modeled its nuclear regulatory framework after that of the 
United States, and the two countries have conducted cooperative ac- 
tivities in nuclear safety work since 1973. With the formation of the 
Nuclear Regulatory Commission, separate agreements with that 
agency have formalized the cooperation, and Japan has invested heav- 
ily in the operation of American nuclear safety facilities such as the 
Power Burst Facility and the Loss of Fluid Test Facility. Many other 
business arrangements exist between the two nations at the commercial 
level in peripheral but important areas like the medical uses of radioiso- 
topes, leading to useful interchanges of data and new products. 

The restrictive aspects of the nuclear agreement, however, have 
been the cause of considerable political tension between the countries. 
These have to do with the application of U.S. policies designed to de- 
ter the proliferation of nuclear weapons. Although successive admin- 
istrations in Washington have taken the uniform view that Japan is 
not a proliferation risk, there have been fears that if Japan were to be 
given favorable or special treatment, an unfortunate or even disas- 
trous example would be set for other countries with less impeccable 
nonproliferation credentials. In the late 1960s, for example, the United 
States refused to permit the transfer of American technology to Japan 
for the reprocessing of spent fuel from nuclear power plants. Japan, in 
its perpetual search for independent capability, turned to France for 
the technology, and a reprocessing pilot plant was subsequently built 
by a French company at the Japanese nuclear complex near Tokai 
Mura. When the plant was ready to operate in 1977, the U.S. govern- 
ment refused to permit spent fuel from reactors of U.S. origin to be 
reprocessed in it, on the grounds as stipulated in the bilateral agree- 
ment that Japan could not demonstrate that safeguards to prevent 
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American nuclear industry already had been enjoined from the use of 
reprocessing in the nuclear fuel cycle to set an example for the rest of 
the world. Japan should do likewise, it was postulated. The Japanese 
obviously held a different view. They pointed to their constitutional 
abandonment of acquiring a capability to manufacture nuclear weap- 
ons and to the fact that other American allies, i.e., France and the 
United Kingdom, were engaged in the reprocessing of spent fuel. They 
also mentioned that several hundred million dollars had been invested 
in the pilot plant and that the United States had not given early warn- 
ing of its intentions. The issue was resolved more or less to the satis- 
faction of the parties by diplomatic compromise: the plant was per- 
mitted to operate for a limited duration and with a limited amount of 
spent fuel to permit the French company to demonstrate that its war- 
rantee obligations had been discharged. In subsequent years the repro- 
cessing of additional quantities of spent fuel has been agreed to, but 
Japan still does not have unencumbered use of its own plant. 

As part of the Tokai Mura compromise, Japan agreed to two other 
conditions, one of which proved to be relatively salutary and the 
other contentious. It entered into a new agreement, given the acronym 
"TASTEX," to develop new safeguards techniques for reprocessing 
plants in a joint effort with the United States. Each side has been 
spending about $1 million per year on the program, which has been 
eminently successful. France and the International Atomic Energy 
Agency have been involved in this research as well. The other condi- 
tion was that Japan not proceed with the construction of a full-scale 
commercial reprocessing plant without U.S. approval. That approval 
has not been given yet and is the subject of continuing negotiations. 

Another example taken from the nuclear relationship demonstrates 
the conundrum facing the potential supplier of technology when the 
recipient is an advanced nation. The United States was in no position to 
offer uranium enrichment technology to Japan because this technology 
is classified and not available under the agreement for cooperation. 
Japan proceeded to develop an indigenous uranium enrichment capa- 
bility without any assistance from foreign nations, thereby demon- 
strating that withholding the technology (on the grounds of national 
security or nonproliferation considerations) did little or nothing to 
impede progress. The same conundrum may well appear in mat- 
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States has been the beneficiary of technical expertise and information, 
but the flow has not been unilateral. Politically, the United States may 
have shown itself to be strong to its own domestic constituency, but it 
has appeared to be overbearing in Japanese eyes and in the eyes of 
several other important countries. What is probably worse in political 
terms is that the United States has not been consistent in its nuclear 
policies; changes in administration can lead to fluctuations in the in- 
terpretation of technical agreements just as they do in political, mili- 
tary, or economic treaties, and other countries may develop worries 
about the need for or the value of formal technical agreements with 
us. This is especially true in the case of agreements that have real sub- 
stance to them and have not been entered into for temporal political 
expediency or window-dressing. This point will become apparent 
again in the evaluation of other bilateral agreements with Japan. 

Basic Science 

Much has been said and written in the West about the inability of 
the Japanese to perform basic research. Many Japanese believe this as 
well. Some critics point to the relatively small number of Japanese sci- 
entists (four at this writing) who have been awarded the Nobel Prize. 
Others describe how fundamental discoveries in the United States or 
Europe have been exploited by Japanese industry without significant 
contributions to basic research. It may therefore come as something of 
a surprise to these critics to find that the first formal U.S. governmen- 
tal agreement for cooperation in basic scientific research was executed 
with Japan more than 20 years ago in December 1961. It was the 
result of a decision reached by President John F. Kennedy and Prime 
Minister Hayato Ikeda during their meetings held in Washington in 
June of that year. The joint communique that was issued on that occa- 
sion stated, 

The President and the Prime Minister also recognized the importance of broaden- 
ing educational, cultural, and scientific exchanges between the two countries. 
They therefore agreed to form two United States-Japan committees, one to study 
expanded cultural and educational cooperation between the two countries, and 
the other to seek ways to strengthen scientific cooperation. 

Resnonsibilirv for rhis charee soon nassed from the committee of 



(JSPS), an arm of the Ministry of Education, Science, and Culture. 

As the scientific programs of both countries evolved and expanded 
in the succeeding years, a formal mechanism was established to carry 
out the seminars, joint research efforts, and information exchanges 
that both sides believed were important and mutually useful. Scien- 
tists in either country could suggest a cooperative venture to their 
counterparts in the other country, whom they usually knew through 
personal associations or by consultation of the technical literature. A 
joint proposal was then submitted to each governmental body for re- 
view. If mutually agreed, financial support to carry out the project 
was provided by each country. The volume of activity increased to 
such an extent that the NSF found it necessary to open an office in the 
American Embassy in Tokyo to administer its side of the arrange- 
ment. By 1982, about 1,250 American and Japanese scientists and en- 
gineers were part of the cooperative program, with the NSF and other 
participating U.S. government agencies spending almost $5 million 
per year to support the participation of the Americans. JSPS and its 
sister agencies were spending about half this amount. (The numbers 
cannot be compared directly for magnitude because of different ac- 
counting systems, labor costs, etc.) Obviously, these funds do not pay 
for all of the related research going on in each country. 

The program is no longer limited solely to academic research and 
neither is it limited only to basic research. In fact, it is not even exclu- 
sively bilateral any longer; scientists and engineers from other ad- 
vanced countries have been brought in on occasion when their exper- 
tise could contribute to a seminar or project. 

With a firm base of cooperation established, it has been possible to 
expand the technical relationship into larger-scale projects, some of 
which bear mention here. As part of the International Phase of Ocean 
Drilling (IPOD), the NSF opened its ocean-bottom exploration pro- 
gram to international participation by permitting foreign scientists to 
join in the research conducted by use of the Glomar Challenger. Japan 
is one of four other nations to share in this unique project, and it con- 
tributes $1 million per year towards the cost of operating the ship. 

Another joint project, also unique in its field, is going on at Japan's 
Tsukuba Science City. Under a separate agreement between the Min- 
istries of Education and Construction and NSF, the largest facility in 
the world for subiectine structures to simulated eround motion due to 



mented building in a carefully prescribed manner. This facility is part 
of the Ministry of Construction's Building Research Institute complex 
at Tsukuba. NSF contributes about $2 million per year to the project 
and is permitted to have American engineers in residence. Just as the 
Glomar Challenger is unmatched among oceanographic vessels, the 
Tsukuba seismic testing laboratory has no equals, either in the United 
States or elsewhere. It is clear that the United States will gain invalu- 
able data on the design of earthquake-resistant structures from its par- 
ticipation in the Japanese program. Incidentally, since this program 
does not directly involve JSPS, it is carried out under the aegis of an- 
other agreement for cooperation in the applied sciences and engineer- 
ing described in the next section. 

As I try to evaluate the importance and the efficacy of the coopera- 
tive science program, I recall the many scientists I have met who have 
participated directly in the program, the administrators with whom I 
have worked on a daily basis over several years, and the biennial con- 
ferences that set the future course of the program. I have never heard 
anyone question the program's validity. From the American side, the 
large majority of scientists have said that their contacts with Japanese 
counterparts had led to new knowledge and insights and that they 
considered themselves to be dealing with equals. Taking into account 
the breadth of the program encompassing almost every aspect of the 
physical and biological sciences this has to be an exceptional en- 
dorsement for an effort that is not free of encumbrances. Both verbal 
and written communications are difficult and time-consuming. The 
cost of cooperation is high because of the distance between the two 
countries. One side or the other occasionally gets snarled in bureau- 
cratic red tape, and there is never enough money to do everything that 
is desired. Yet the program remains at the highest level of priority 
among those who are responsible for it in Tokyo and Washington. 

As I pointed out at the very beginning, there are imponderables that 
should be assessed in addition to making judgments about the quality 
of the science. The establishment of social and cultural rapport among 
the intellectuals of the two countries is not to be sneered at, consider- 
ing world tensions today. Americans are not famous for their under- 
standing of other cultures, and this is especially true when it comes to 
Japan. The long-standing relationships that have developed through 
scientific cooperation have been particularly valuable in increasing 



formulated the agreement in the first instance. Rather, I am saying 
that it is a valuable benefit that has been derived from what is funda- 
mentally a good technical program of roughly equal value to each of 
the participating countries, and a program that has withstood the test 
of time better than most. 

Natural Resources Development 

Another of the older but less well-known technical agreements be- 
tween the United States and Japan has the formal title of United 
States-Japan Conference on the Development and Utilization of Natu- 
ral Resources, or UJNR for short. It was born in 1964 as the offshoot 
of a standing bilateral cabinet-level committee on trade and economic 
affairs and was designed to augment the existing science agreement by 
studying more applied fields. The Department of State at the time did 
not wish to see the UJNR agreement take on the character of a major, 
continuing intergovernmental relationship such as already existed in 
the scientific, cultural, and economic areas, but with the passage of 
time the UJNR agreement acquired both the superficial and the sub- 
stantive qualities of the other bilateral agreements. However, it did so 
almost in spite of an extraordinarily complex management scheme on 
both sides, since the nature of the program required that several gov- 
ernment agencies or ministries be involved. Overall coordination for 
the United States was placed in the hands of the Department of the 
Interior, although I recall that at that time Interior had no congres- 
sional mandate to engage in international activities. The counterpart 
body in Japan was the Science and Technology Agency, which on pa- 
per is part of the Prime Minister's office. 

The modus operandi agreed to was to create binational panels of 
experts to cover fields of study that were of mutual interest. Over the 
years the number of panels and their missions have changed, and Inte- 
rior no longer plays an active management role. Coordination respon- 
sibility currently is split between the National Oceanic and Atmo- 
spheric Administration of the Department of Commerce (for activities 
connected with marine science and technology) and the Department 
of Agriculture (for all other fields). The Department of State has an ill- 
defined oversight responsibility that varies in its intensity and effec- 
tiveness. Seventeen panels are currentlv in existence, of which seven 



aquaculture 

diving physiology and technology 

electronics and communications 

facilities 

geology 

mining 

seabottom surveys 

Outside the marine area, panels on the following subjects are in op- 
eration: 

earthquake prediction 

fire research 

forage germplasm exchange and evaluation 

forestry 

mycoplasmosis 

protein resources 

toxic microorganisms 

water research and technology 

wind and seismic effects 

conservation, recreation, and parks 

The Japanese tend to take the UJNR program more seriously than 
we do. For example, a line-item budget for it exists in Tokyo, whereas 
the Americans search for funds from other programs to carry out their 
obligations. The panels usually meet once a year, alternatively in each 
country, to deliver papers and to make site visits. Each 5 years, the 
results of the UJNR collaboration are published in a comprehensive 
report, but interim reports are also disseminated to provide more 
timely information. 

Having attended many UJNR panel meetings and administrative 
conferences in Japan, I have been struck by the enthusiasm displayed 
by the participants, many of whom have been involved in UJNR ac- 
tivities for a decade or more. This is not to say that the program is free 
of problems. New panels are difficult to create because of funding lim- 
itations. Old panels that have outlived their optimum usefulness are 
difficult to abandon, for fear that they will be considered unsuccessful 
by outsiders and therefore will reflect adversely on the participants. 
With so many disparate panels in operation, they cannot all be of 
eaual aualitv or return eaual benefits to either side, so in Washington. 



not part of it are continually looking for ways to reduce its extent. The 
United States far more than Japan has sought to bring in panel mem- 
bers from industry and the academic world. The Japanese prefer to 
limit participation to representatives of those government ministries 
responsible for the various UJNR programs. Even with these strains, 
the program has survived and thrived to a reasonable degree. 

My own evaluation of the UJNR program is favorable. It operates 
at minimum cost to the United States and is carried along by the en- 
thusiasm of its participants. The transfer of proprietary industrial 
technology is not involved. In several of the panels, we have gained 
far more from the Japanese experience than we gave up, and the infor- 
mation we obtained is of great value in terms of public benefit. In con- 
trast to any number of other international or bilateral technical pro- 
grams, documentation of the results of the cooperation is extensive 
and available to anyone who asks. As in so many international techni- 
cal programs, more fault can be found in the failure of the technical 
community at large to keep abreast of and to apply the accomplish- 
ments made than in the nature of the programs themselves. 

The Various Medical Science Agreements 

Early in this paper I described how the United States and Japan 
formed an important perhaps vital initial link in scientific cooper- 
ation through the medical evaluation of survivors of the wartime nu- 
clear explosions over Japan. In subsequent years, cooperation in the 
medical sciences was extended much further. The basic science agree- 
ment provided a vehicle for collaborative biomedical research at low 
cost to the parties, and the National Institutes of Health (NIH) began 
to support worthy research projects in Japanese academic institutions 
that were selected competitively for their quality. Also, NIH awarded 
research and training fellowships to competent Japanese scientists for 
study within its various institutes. I believe that the number of Japa- 
nese participating in this program exceeds that from any other foreign 
country. Apparently this is a sore point with some in Washington who 
either believe that the Japanese can pay their own way or who con- 
sider the international collaboration as permitting Japan to acquire 
advanced medical technology without adequate compensation to the 



lished to exchange information and scientists in fields covering dis- 
eases endemic to Asia. Structurally, the new venture called the Co- 
operative Medical Sciences Program was similar to the UJNR 
program, but it differed in one major respect: Significant amounts of 
money were committed by each side from the very beginning, and the 
commitment has continued ever since. Today about $12 million per 
year is invested by NIH for the United States and an equal sum by the 
Ministry of Health and Welfare for Japan. Originally, the panels stud- 
ied specific diseases or medical problems: 

cholera 

leprosy 

malnutrition 

parasitic diseases (schistosomiasis and filariasis) 

tuberculosis 

viral diseases (rabies, dengue fever, and other arboviral diseases) 

environmental mutagenesis and carcinogenesis 

viral hepatitis 

Significant advances have been made in the joint program on each 
of these subjects, and the results have been communicated to the 
World Health Organization, regional health organizations, and indi- 
vidual countries throughout the world. Recently, the program has 
been reoriented to study the various medical disciplines associated 
with infectious diseases, such as microbiology, immunology, and bac- 
teriology, primarily because of the success achieved in alleviation of 
the diseases on the original list. It should be noted that there was little 
if any "selfish" motivation on the part of either the United States or 
Japan in the conduct of this program. Initially, its greatest impact was 
felt largely elsewhere: in Africa, Southeast Asia, and parts of Latin 
America, where some of the diseases that have been studied are truly 
epidemic. Today, the program's results are applicable to the devel- 
oped world as well . 

For what I assume were probably organizational reasons, a separate 
bilateral agreement, in the form of a Memorandum of Understanding 
between the National Cancer Institute of NIH and JSPS, was signed in 



Ministry of Education (and thus of JSPS), although Japan's National 
Cancer Center is part of the Ministry of Health and Welfare. Likewise, 
on the American side, most of NIH's involvement in the medical sci- 
ence agreement had been through the National Institute of Allergy 
and Infectious Diseases. It was probably easier on both sides to create 
a new vehicle for cancer research than to sort a tangle of interagency 
or interinstitute responsibilities. Japanese ministries and agencies are 
particularly susceptible to this syndrome, being very jealous of their 
prerogatives, responsibilities, and funds. In fact, a general observa- 
tion can be made in this respect: while the skirts of the U.S. govern- 
ment are not immaculately clean regarding interagency cooperation, 
the situation is much worse in Japan. It sometimes takes heroic mea- 
sures to involve more than one Japanese ministry in a cooperative pro- 
gram. Using the cancer research agreement as an example, the Ameri- 
can side had to apply considerable pressure to ensure involvement of 
scientists from the Ministry of Health and Welfare. At least this was 
accomplished. In other agreements lateral cooperation was difficult or 
unattainable. 

While the cooperative cancer program is less than 10 years old, it 
also has been making first-class contributions to this most difficult of 
medical research fields. Japanese oncologists are excellent; most of 
them have trained abroad and speak fluent English, making coopera- 
tion that much easier. An additional driving force for cooperation 
comes from the fact that the epidemiology of certain forms of cancer, 
such as stomach or breast cancer, is different in Japan than in the 
United States. Whether the difference is racial, environmental, or due 
to unknown causal factors such as dietary peculiarities could lead to a 
better understanding of the disease and to its ultimate cure. I should 
note almost parenthetically that in my personal observation of panel 
meetings held under the cancer agreement, I found that the interaction 
of the scientists was the best for all the agreements: vigorous technical 
debates entirely in English, close personal associations that had devel- 
oped through mutual professional respect, and a degree of informality 
that accelerated the interchange. The two countries each invest about 
$300,000 per year in cooperative activities concerning chemical car- 
cinogenesis, cancer therapy, cancer virology, cancer immunology, 
lung cancer, breast cancer, bladder cancer, high-LET (linear energy 
transfer) radiation treatment, cytology, and metastasis. It's monev 



oeparace anu smaller programs aiso exist in me medical neia cover- 
ing vision research and shellfish sanitation, the latter being under the 
jurisdiction of the U.S. Food and Drug Administration (FDA). FDA 
also maintains continuous liaison with its counterparts in the Ministry 
of Health and Welfare on the regulation of food products, pharmaceu- 
ticals, biologicals, and medical devices. 

Environmental Protection 

Japan largely ignored the protection of its environment during its 
early postwar reindustrialization period and suffered the conse- 
quences accordingly. By the late 1960s, its largest cities were blan- 
keted in almost intolerable smog, there had been serious outbreaks of 
mercury poisoning (given the name Minamata Disease for the city 
where the largest number of cases occurred), cadmium poisoning, 
widespread dispersal of polychlorinated biphenyls (PCBs), and many 
other environmental insults. Roughly in parallel with the growth of 
the environmental movement in the United States, Japan set about to 
correct its course with characteristic determination, establishing an in- 
dependent Environment Agency in 1971. By 1975 it was clear that the 
United States and Japan among the large countries of the world were 
committing the most in terms of both financial and intellectual invest- 
ment to environmental protection. 

In that year still another agreement was entered into between the 
two countries to formalize cooperation in the environmental field that 
was already taking place, although one could argue that the existing 
UJNR agreement might have served the same purpose including as it 
did already some environment-related panels. Nonetheless, the new 
agreement was immediately put into effect and it has proved to be one 
of the most productive in terms of facilitating the transfer of useful 
technology, environmental statistics, and analytical techniques. It 
also makes use of panels of specialists to carry out its work. Panels on 
the following subjects are now in operation: 

sewage treatment technology 

solid waste management 

management of contained bottom sediments 

air pollution-related meteorology 
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water conservation and flow reduction 

controls in water quality 

food additives 

Of course the respective environmental protection agencies of the 
two countries provide the overall coordination and most of the activ- 
ity under the agreement, but also a relatively large number of other 
governmental bodies are involved from each side. The reason why 
this is possible here and not in other agreements seems to be that the 
Environment Agency in Japan is a policymaking body arid does not 
have the large operational and research role of the Environmental 
Protection Agency (EPA). Also, it is far smaller, both in manpower 
and in financial resources, and therefore must rely on other ministries 
to carry out Japan's environmental mission. 

Not all of the environmental panels are equally effective. Efforts by 
the United States to raise environment-connected trade issues in the 
context of panel deliberations have been rejected by the Japanese as 
being outside the scope of the agreement. The Japanese have had diffi- 
culty in adopting either the principle or the practice of environmental 
impact assessment, even though the Environment Agency in Tokyo 
wants very much to use the American approach. The management 
problems endured by EPA during the first part of the current adminis- 
tration and that administration's policy of reducing government regu- 
lation of environmental protection have interfered with EPA's inter- 
national affairs program and specifically with the execution of the 
agreement with Japan. Still, most of the panels have been able to con- 
tinue their work. 

According to the U.S. program managers, the agreement has en- 
abled the United States to acquire a great amount of Japan's sophisti- 
cated technology for sewage treatment, solid waste management, and 
stationary source pollution control. To give only one example, Japa- 
nese steel plants have the best environmental controls in the world, 
particularly for air pollution. It was possible to arrange through the 
auspices of the agreement for experts from the U.S. steel industry to 
make exhaustive surveys of steel plant operations in Japan to facilitate 
acquisition of the technology by American companies. My recollec- 
tion is that the American companies were not very willing to use the 
technology, but at least it was available. 



Miscellany: Transportation, Space, Building Technology, and 

Urban Affairs 

There are three more agreements that have been effective to varying 
degrees. In fact, two of them are of significant financial importance. I 
need not dwell on each of them at length, but there are lessons to be 
learned from them. 

As in the case of the UJNR agreement, a periodic meeting of the 
standing U.S. -Japan Committee on Trade and Economic Affairs held 
in 1969 concluded that a bilateral technical relationship in the field of 
transportation was needed and a Transportation Research Panel was 
established promptly. The U.S. Department of Transportation and 
the Japanese Ministry of Transport manage and administer this rela- 
tionship in an informal but productive manner, eliciting almost no 
public attention. Yearly (sometimes longer if travel funds are limited) 
visitations of a delegation of experts from one country to the other are 
made, with the host country alternating each time. A large number of 
technical subjects concerning surface transportation problems have 
been studied. Since Japan is the leading country of the world in marine 
transport technology and relies much more heavily than the United 
States on public ground transportation, the relationship has tended to 
benefit the United States more than Japan. 

One driving force on the Japanese side for maintaining the exchange 
has been a feeling of obligation to the United States because we ex- 
pended considerable efforts after the end of World War II to restore 
the almost totally destroyed Japanese railway system. One particular 
manifestation of this feeling was the offer made by Japan National 
Railways to give its most advanced railway technology to the United 
States free of charge. The Northeast Corridor Project of the Federal 
Railroad Administration has been the beneficiary of this offer; it has 
been given the equivalent of tens of millions of dollars of high-speed 
train technology. The offer grew out of the excellent technical rela- 
tionships that had developed through the Transportation Research 
Panel. While no Shinkansen ("Bullet Train") will actually run along 
the Northeast Corridor route, substantial improvements in signals, 
dispatching, roadbed maintenance, and similar technical aspects have 



/ iligcico aim \jaii i-Xitgu 10 ail uuugiv^vv in wi LXIIO iwiig- ai.uiiu.iiig kv.v-iiiii\_ai 

cooperation. I should note, however, that there were officials in the 
Department of Transportation who viewed the Japanese offer with 
suspicion, and who finally agreed to accept the offer only with great 
reluctance. The NIH Syndrome is not dead. 

Considerable sensitivity is attached to our cooperation with Japan 
on space technology. Perhaps the word "cooperation" is wrong to be- 
gin with, because the relationship is much more a unilateral transfer of 
American hardware and know-how to Japan through industrial con- 
tractors than it is anything else. Nonetheless, the importance of the 
relationship cannot be understated. Japan is the only nation in the 
world that has been authorized to receive American space technology 
at the level that I shall describe. U.S. law (the Munitions Control Act, 
in particular) requires government approval for the transfer of hard- 
ware and know-how to be used in launch vehicles capable of deliver- 
ing missiles, and there is no question but that Japan has been given 
special treatment in this regard. A succession of exchanges of diplo- 
matic notes in 1969, 1976, and 1980 has permitted the Japanese gov- 
ernment through its industrial contractors to purchase launch vehicle 
technology and satellites from counterpart American companies. As 
might be expected, there are some strings attached: 

Only unclassified information may be transferred. 

The information or hardware received by Japan may be used 
only for peaceful purposes. 

Equipment and technology transferred to Japan may not be re- 
transferred to a third country without U.S. approval. 

Japan may not launch a satellite for a third country without U.S. 
approval, if U.S. technology or hardware is employed. 

Launch vehicle technology is limited to the level of the Thor 
Delta vehicle. 

Communications satellites launched by Japan as the result of U.S. 
assistance must be employed in a manner compatible with the Interna- 
tional Telecommunications Satellite Organization (INTELSAT) inter- 
national agreement. 

If Japan wishes to launch a satellite that exceeds the capacity of its 
launch vehicle (currently 550 kilograms into geostationary orbit), Japan 
will employ the U.S. Space Transportation System (the Space Shuttle), 
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would nave oeen mucn more expensive ana time-consuming to de- 
velop a wholly indigenous space capability. On the other hand, some 
have argued both in Japan and elsewhere that the whole effort was 
unnecessary and that Japan could always have obtained what it 
needed when it was needed from the United States or another ad- 
vanced nation. 

While the Japanese space program has been controversial, it also 
has been successful. Communications, direct TV broadcast, and com- 
munications satellite technology have been purchased and absorbed 
from the United States, and Japanese aerospace companies are now 
able to design and construct these kinds of satellites and others as well 
with little if any foreign support. The Japanese launch vehicle has pro- 
gressed through several phases of improvement with a remarkable test 
history of zero failures, although one or more satellites have been lost 
for other reasons. 

Japan's space applications program continues to receive heavy 
funding (about $500 million per year) and is second only to the atomic 
energy program among all scientific and technical ventures. Yet Japan 
spends only about $50 million per year on space sciences. One reason 
for this disparity is that the latter program is the responsibility of the 
Ministry of Education, which considers $50 million to be an extraordi- 
narily large amount of money. The space applications program falls 
under the Science and Technology Agency, which also manages 
atomic energy development and is accustomed to large expenditures. 
To demonstrate once again how vertical integration within Japanese 
government ministries tends to increase inefficiency, the space sci- 
ences program has included the development of its own launch vehicle 
and dedicated launch site. There is increasing talk in Japan about 
merging the science and applications programs into one, with conse- 
quent monetary savings, but whether this will truly happen is unclear. 
The current small size of the science effort has inhibited extensive co- 
operation with the United States in what could otherwise be a natural 
joining of interests. Another agreement covers cooperation in the 
space sciences and it will be discussed later. 

A 1970 Memorandum of Understanding (MOU) between the U.S. 
Department of Housing and Urban Development (HUD) and the Japa- 
nese Ministry of Construction addresses cooperation in building tech- 
nology and urban affairs. Sporadic visits and exchanges of documents 



building technology occurs within the UJNR agreement. I personally 
have not participated in or observed the HUD program with Japan 
and am unable to make any further comment. 

RECENT "PROBLEM" AGREEMENTS 

The last two agreements that I intend to discuss are related in politi- 
cal terms, are the most recent to be enacted, and are the most difficult 
to evaluate. One is concerned with energy research and development 
(R&D) and the other is intended to be a broad-ranging vehicle for co- 
operation in science and technology. Both have had major problems 
in negotiation and execution, and they may therefore be unusually 
valuable in providing guidance for general approaches to technical co- 
operation. 

In the flush of enthusiasm and funds for nonnuclear energy 
R&D that followed the oil shock of 1973, the United States con- 
cluded its first international bilateral agreement in this field in 1974. It 
was with Japan, as had been the case so often previously, but there 
was a major difference on the Japanese side. The instrumentality cho- 
sen by Japan was its Ministry of International Trade and Industry 
(MITI). Prior to that time, energy R&D had been the province of the 
Science and Technology Agency, but with the oil shock came the for- 
mation of a new agency the Agency for Natural Resources and En- 
ergy within MITI, and this agency was given responsibility for de- 
veloping alternative energy sources in conjunction with its sister 
organization, the Agency of Industrial Science and Technology. I 
managed the negotiation of the agreement for the United States, and it 
covered the gamut of new and renewable energy sources: geothermal, 
solar, synthetic fuels from coal, and so forth. It also covered the devel- 
opment of a variety of energy conservation measures. 

The agreement proved to be an absolute failure. Almost nothing 
was accomplished over the next 5 years, although no subject was more 
important in the public eyes of both countries. I attribute the failure 
mostly to a mismatch in the size of the energy R&D programs of Japan 
and the United States. Most of Japan's funds were going toward nu- 
clear energy, while the United States was turning away from this 
source and was increasing spending on other sources at a staggering 
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repeated efforts by the United States to get a real program going with 
Japan, nothing of consequence happened. 

In 1978 the most unusual event in the entire history of our bilateral 
technical relationship took place. Prime Minister Fukuda went to 
Washington and proposed to President Carter that the two nations 
embark on a long-range, billion-dollar program to develop controlled 
thermonuclear fusion and photosynthesis as alternative energy 
sources. All previous agreements had been at the initiative of the 
United States, as far as I can ascertain. The "Fukuda Initiative" took 
Washington more or less unawares. After much internal debate, a 
counterproposal was made: The United States would enter into coop- 
eration on fusion and photosynthesis if Japan would agree to invest in 
our rapidly expanding coal conversion program. Now it was the Japa- 
nese side that underwent the throes of internal debate, finally acceding 
to the American approach. 

A new energy R&D agreement was signed by Secretary of Energy 
Schlesinger and Foreign Minister Sonoda in 1979. However, the 
United States did not offer up its first-line fusion program for coopera- 
tion but instead persuaded Japan to invest manpower and money in a 
smaller fusion system also under development. In due course, Japan 
(and also the Federal Republic of Germany) entered into a contract to 
furnish 25 percent of the cost of development of the American SRC II 
process for converting coal to synthetic crude oil. Photosynthesis was 
relegated to a minor position in the scheme of things. The new agree- 
ment also provided for cooperation in geothermal energy and 
strangely high-energy physics. Every scientist knows that high- 
energy physics has nothing to do with energy as a resource! 

Once it had signed the agreement, the Japanese government set 
about to honor its commitment and succeeded in persuading its minis- 
tries and its energy industry to allocate several hundred million dollars 
over a 10-year period to the SRC II project. A contract was also exe- 
cuted to provide about $70 million over a 5-year period to the fusion 
project, and the Japanese ultimately committed themselves to further 
expenditures of several million dollars per year on other fusion-related 
projects in the United States. 

After the 1980 presidential elections, however, the new administra- 
tion in Washington canceled the SRC II project and the Japanese were 
left high and drv. Germanv had alreadv signaled its intention of with- 



onocK as examples or /vmencan untrustwortmness. investment oy 
Japan of about $6 or $7 million per year in American high-energy 
physics projects appears to be protected, since high-energy physics en- 
joys a high priority in the current administration even if it does not 
contribute to expansion of our energy resources. 

The Carter administration sensed that the Japanese might be ame- 
nable to making further investments in U.S. R&D projects, since Ja- 
pan by this time appeared to be using these investments and other con- 
tributions to American academic and cultural institutions as a way of 
improving Japan's image in the United States. Certainly, the Ameri- 
can public's perception of Japan had taken a turn for the worse be- 
cause of the heavy inroads made by Japanese sales of consumer prod- 
ucts and the tirades made by segments of American industry against 
what appeared to be Japanese reluctance to relax barriers against im- 
portation of American products. While the attempt to ameliorate the 
trade issue by gifts, contributions, and investments was characteristic 
of Japanese domestic practice, I doubt that it had the desired effect 
among either high-level officials or the public at large. 

In any event, the new S&T agreement was formally proposed by 
President Carter and ultimately was signed by him and Prime Minister 
Ohira in May 1980. It was the first of the many bilateral technical 
agreements to be literally signed by the respective heads of state of the 
two nations . From the U.S.pointof view the agreement was intended to 
subsume or absorb most of the other existing agreements, but the Japa- 
nese resisted this. Such an action would have disrupted all of the admin- 
istrative arrangements that had been built up over the years and would 
have made the agreement too cumbersome to manage effectively. 

The Office of Science and Technology Policy (OSTP) in the White 
House is responsible for overall coordination of American involve- 
ment in the agreement. The Foreign Ministry has had to assume this 
responsibility for Japan since there is no bureaucratic equivalent to 
OSTP there. Initially, almost all of the projects proposed for execu- 
tion under the agreement came from U.S. agencies, but following the 
signing, a few counterproposals have been generated by Japanese re- 
search entities. To my knowledge there is no intention of spending 
significant amounts of U.S. funds in Japan, although the Japanese are 
expected to provide funds for expenditure in the United States. If this 
unbalanced arrangement persists, those in Washington who believed 



It rejects the more commonly held view that scientific and technical 
information in the public domain is available to anyone who wishes to 
make use of it, and it fails to recognize that we ourselves borrowed 
much of the same kind of information from others as we grew to be 
the world's leading economic power. 

The agreement is now over 3 years old, and all parties would agree, 
I believe, that not very much has been accomplished beyond the ex- 
change of correspondence and technical delegations and the creation 
of a number of relatively small joint projects. The language of the 
agreement hints at the prospect of joint undertakings that would result 
in the development of proprietary information, but the projects under 
discussion or in effect seem to be more like those covered in the UJNR, 
Cooperative Science, Environment, and Medical Sciences agreements. 

There are some exceptions to this general conclusion, particularly in 
the field of space sciences. Prior to the signing of the S&T agreement, 
negotiations already had been concluded between the National Aero- 
nautics and Space Administration (NASA) and the Institute of Space 
and Aeronautical Sciences (ISAS) in Tokyo to embark on a new effort 
in space exploration. Cooperation in this field was already well estab- 
lished with Europe, but the small size of the Japanese program had 
made it difficult for NASA to expect much from Japan. Further coop- 
eration in the space sciences was subsumed under the new S&T agree- 
ment and 17 projects are at various stages of activity, now involving a 
number of Japanese agencies besides ISAS. 

I am not sanguine about prospects for the long-term success of the 
science and technology agreement. The fact that 3 years have passed 
without much in the way of accomplishment indicates that the Japa- 
nese are giving lip service to it at worst and a low priority at best. Our 
side may have the same attitude. Ordinarily, the Japanese require 
about 1 year to prepare for international cooperation, this being the 
time to make budget proposals and to obtain appropriations from the 
Ministry of Finance and the Diet. The hiatus does not surprise me. The 
agreement was not entered into enthusiastically by the Japanese, and 
there was not even much enthusiasm exhibited by the U.S. agencies 
when the White House directed that they prepare proposals for techni- 
cal cooperation. On the U.S. side there is no budget specifically allot- 
ted to the agreement, meaning that agencies must take funds from ex- 
isting programs an approach sure to meet with resistance. Besides 



the anomaly or the bias toward conducting joint research only in tne 
United States, there is another peculiarity: the NSF, which after all 
sponsors most of the advanced research in the United States that is not 
connected with the military or the energy sectors, has no new pro- 
grams under the agreement. I suppose this is because the basic science 
agreement with Japan is considered sufficient for the NSF's purposes. 
However, that same argument could have been applied to all of the 
other agencies and their respective agreements as well, with the excep- 
tion of NASA. 

Other external factors have appeared during the past 3 years that do 
not bode well for the S&T agreement in particular and the gamut of 
agreements generally. The growth of protectionist sentiments in the 
United States has cooled the ardor of some Washington agencies and 
their civilian contractors to participate in cooperative albeit public 
service relationships with Japanese agencies. At the political level, the 
motivation for cooperation has changed to some extent from encour- 
aging Japanese investment in U.S. research to trying to learn more 
about the course of Japanese progress in advanced industrial technol- 
ogy. Thus one of the objectives of a newly formed U.S. -Japan Work 
Group on High Technology Industries, arranged by the Department 
of Commerce with MITI, is to conduct joint R&D on semiconductors, 
computers, telecommunications, and aerospace. There may be a se- 
mantic problem here in that R&D in this context may mean something 
like examination of future markets in the fields cited, but intergovern- 
mental cooperation in highly competitive, commercial technologies is 
unlikely to be successful. 

FURTHER INFERENCES, OBSERVATIONS, 
AND CONCLUSIONS 

The mere complexity of the U.S. -Japan technical interaction indi- 
cates that it is not the result of some grand design. While it may have 
originated in the traditional American desire to help the vanquished or 
less fortunate, it has grown in many directions and for many different 
purposes. The Japanese have been willing partners in most instances, 
once an agreement has been concluded, but more rarely have they 
been the initiators of cooperation. Japan, on the other hand, takes 
a more formal view of cooperative relationships once they are in 



can arrange and facilitate international cooperation, but it must be 
carried out by working scientists and engineers. Likewise, the success 
or failure of cooperation is best measured by those conducting it, al- 
though no rigorous scheme exists for this purpose. If anecdotal infor- 
mation has any value, the U.S. -Japan relation has been phenomenally 
successful when taken in large segments or as a whole. No one has 
been able to suggest a better way of accomplishing the same objec- 
tives, assuming that restraints on manpower and funds were to con- 
tinue to be as stringent as they have been. 

The disparity in size of some related programs in the two countries 
has caused difficulties, particularly when the Japanese effort is much 
smaller than that of the United States. Typically, Japan has been slow 
to move into new areas of science and technology, but once started 
progresses at a rapid pace to "catch up." 

If research and development related to defense, energy, and space is 
not included, the Japanese government is a much heavier investor in 
industrial R&D than is the United States, although this picture proba- 
bly will change on both sides. That is, I expect that Japanese govern- 
ment investment in defense research will increase and that the U.S. 
government will follow the lead of Japan and the European countries 
by increasing its financial support of industrial research. There is no 
good counterpart in the United States for the many industrial research 
institutes operated by the Japanese government, with the exception of 
the National Bureau of Standards (NBS). (By my own definition I do 
not include the U.S. national laboratories or the NASA research cen- 
ters as being engaged in industrial research.) Therefore, for the time 
being I do not see much potential for collaboration at the governmen- 
tal level in industrial R&D, even when it is conducted in noncompeti- 
tive terms. For example, Japan has proposed international coopera- 
tion on the development of a "Fifth Generation" computer, but it is 
not clear which entity in the U.S. government, industry, or aca- 
demia might be a logical participant. In fact, it is uncertain whether 
any U.S. involvement whatsoever will occur, since there are great 
pressures here to undertake even the early phases of the development 
of this computer on a proprietary basis solely within the United 
States. The British already have made this determination. 

I must now reverse my field and contradict myself to an extent by 
pointing out that NBS has signed an agreement with Nippon Tele- 



searcn is contemplated, me parties seem to oe intent on Keeping eacn 
other up to date on the latest advances in these fields. In this case, 
there is a heavy disparity in size and mission in favor of the Japanese 
organization. If this relationship should prove to be successful, it 
could be the harbinger for other ventures but limited as I have noted 
by the lack of counterpart government organizations in the United 
States. 

While Japan is just entering the world of "big science" with first- 
class basic research facilities in such fields as high-energy physics, 
space exploration, and radioastronomy, it already has the best facili- 
ties in the world for conducting engineering research related to the 
public sector. For budget and manpower reasons, these facilities are 
underutilized. It would be quite natural to open them up to interna- 
tional collaboration, but the Japanese do not believe that foreigners 
would be willing to live in Japan in Japanese housing, to eat Japanese 
food, and to learn their language. They may be right, but there has 
not been an adequate test yet. 

THE RELATIONSHIP AS A MODEL 

While there are many lessons that have been learned and are still to 
be learned from the elaborate relationship between the United States 
and Japan that can be applied to other countries, I doubt very much 
that it can be duplicated. The conditions that led to the current level of 
cooperation probably were unique, and I see no other country at 
present that appears to qualify. Superficially, I might be tempted to 
suggest that the European Community would be a likely target, but 
the Community is a single entity in name only, and technical coopera- 
tion suffers as soon as the number of parties becomes more than two 
or three. The United States embarked on a huge program of scientific 
and technical cooperation with the Soviet Union during the period of 
detente, only to dismantle it when political relations worsened. China 
is receiving more attention now from us than any other country, but 
China is also a totalitarian state and has the additional burden of be- 
ing at least a decade behind the United States in most technical fields. 
Other members of this workshop, through their more acute insight 
into the situations obtaining elsewhere, may see something that I am 
missing, but for the moment the Japan Connection seems to stand by 
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HISTORY 

The U.S. -Israel Binational Science Foundation (BSF) was established 
in 1972 by a formal treaty between the two governments. The main im- 
petus for its creation was the rapid depletion in Israel of U.S. -owned ex- 
cess foreign currency generated from the repayment in local currency of 
U.S. loans for the purchase of agricultural products. As authorized 
under P. L. 480, these funds had been used by the U.S. government for a 
variety of local purchases, including the support of scientific research 
performed in Israel. From 1958 to 1972 the U.S. government, through 
various scientific and technological agencies, had invested about $70 
million in research projects conducted by Israeli scientists at Israeli in- 
stitutions. A major share of this support went to research projects in 
agriculture, medicine, and the life sciences. 

When it became clear that Israel would soon be removed from the list 
of "excess currency" countries and thus would no longer be eligible for 
P.L. 480 funds, the two governments searched for ways to assure the 
continuation of the very successful scientific cooperation between the 
two countries. This resulted in the creation of the U.S. -Israel Binational 
Science Foundation and the establishment of an endowment fund. The 
U.S. contribution to this fund was the equivalent of $30 million in Israeli 



to an annual interest rate ot .3.5 percent to be paid on a quarterly oasis by 
the Israeli government and to be adjusted annually for inflation. Subse- 
quently, the interest rate was increased to 4 percent, and the frequency 
of adjustments for inflation was changed first to a semiannual and later 
to a quarterly basis. The annual income from the endowment con- 
stitutes the operating fund of the foundation. 

ORGANIZATION 

A Board of Governors was established to set the policies of the 
foundation and to oversee its operation. This board consists of 10 
members, 5 from Israel and 5 from the United States, appointed by the 
respective governments. Israeli members are usually appointed to repre- 
sent specific ministries or organizations (e.g., ministries of Finance, 
Health, Agriculture, Science, and the Israel Academy of Science and 
Humanities), whereas on the U.S. side only the Department of State re- 
tains a permanent membership. Other U.S. board members have come 
from government as well as academia and the private sector. The Na- 
tional Science Foundation (NSF) has been represented on the board 
since BSF's establishment. Furthermore, NSF, through its Division of 
International Programs, disseminates information on BSF in the United 
States and provides other liaison services. 

The functions of the board are to establish policies with regard to the 
scope and management of the foundation's program, recommend the 
allocation of funds to various research areas, and approve budgets and 
annual funding plans. The full board meets once a year in Jerusalem; its 
Executive Committee meets annually in Washington about 4 months 
prior to that meeting. The foundation's offices are located in Jerusalem. 
Its business is conducted by a small staff headed by an executive direc- 
tor. Currently, the permanent staff consists of four senior professionals 
and five administrative and secretarial employees. This core staff is sup- 
plemented by a larger number of part-time advisers and consultants who 
assist with legal and financial, as well as scientific, aspects of the opera- 
tion. At the time of the establishment, it was agreed that the executive 
director should be an Israeli and his deputy an American. Other staff 
members can be Israelis or Americans. 

OPERATION 



initially, me ieseaii_ii cueab i>uppuiieu mciuueu agriculture, rneaicai 
and biological sciences, physical sciences and mathematics, and selected 
areas of interdisciplinary research, such as energy, environment, 
oceanography, etc. With the establishment of the U.S. -Israel Binational 
Agricultural Research and Development (BARD) Foundation in 1978, 
BSF support for agricultural research was phased out. However, since 
1979, social sciences (sociology, anthropology, and psychology) are in- 
cluded among the areas eligible for support. All applications submitted 
to BSF must involve active collaboration between Israeli and U.S. scien- 
tists even though the major part of the research is usually performed in 
Israel. This collaboration may range from consultation and exchange of 
data and samples to side-by-side collaboration in the same laboratory. 

Selection criteria for awards include: 

scientific merit 

strength of the collaborative arrangements 

interest expressed by both governments in the research topic 

The scientific merit of each proposal is determined through the tradi- 
tional peer review process with the unique feature that this procedure is 
"binational" as well. Normally, proposals are sent for review to equal 
numbers of Israeli and U.S. scientists. Since the BSF senior staff is small 
and has only limited expertise in a few research areas, assistance in the 
review and evaluation of proposals is rendered by science advisers. 
These advisers are recruited on a part-time basis from among senior 
research scientists in Israel. Each of them is assigned a group of proposals 
in his or her field of specialization with the charge to select suitable 
referees. BSF maintains a large roster of potential referees, mainly U.S. 
and Israeli scientists, to assist the advisers in their selections. This roster 
is continuously revised and updated. When the reviews are returned, 
the advisers summarize their contents and assign a grade and priority 
ranking to each proposal. Final recommendations for awards are made 
by the executive director and his staff and are presented to the Board of 
Governors for approval. 

An added factor in the decision making is the expression of interest in 
the research topic by both governments. Each year all proposals are sent 
to cognizant agencies of both governments for an indication of their 
interest. If either government indicates a negative interest, this con- 
stitutes an automatic veto of the application. If, on the other hand, 
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of the projects are in the medical and biological sciences, about 35 per- 
cent in the physical and mathematical sciences, and the remainder is 
divided among the other fields, including the social sciences. This 
distribution approximates the proposal pressure in the different areas. 
Although the large majority of proposals and awards can be classified as 
basic research, applied research projects are also eligible for support. 

Proposals are submitted by individual scientists through their institu- 
tions. Although institutions in both countries are eligible, normally pro- 
posals are submitted by Israeli institutions since funding is in Israeli cur- 
rency and the research is performed primarily in Israel. Most of the 
applications (about 90 percent) come from the seven academic institu- 
tions in Israel. The rest come from government research institutes and 
hospitals. The U.S. collaborators on these applications also come 
primarily from the academic sector, but there is a somewhat greater 
percentage from government laboratories, as well as a small number 
from nonprofit research institutes and from laboratories in the private 
sector. 

Most of the U.S. collaborating scientists are from the leading U.S. aca- 
demic and government laboratories. Nevertheless, the involvement of 
the U.S. scientific community in BSF activities is quite broad. A recent 
survey of 300 active projects revealed that they involved 383 U.S. 
cooperating scientists who work at 124 different institutions located in 
all regions of the United States. 



FUNDING 

As indicated before, BSF derives its income from the interest on the 
original endowment. Because of the very high inflation rate in Israel 
(over 100 percent per year), the current value of the endowment would 
now be only one-hundredth of the original, except for a system linking 
interest payments to the cost of living index. As a result, the real annual 
income has remained fairly constant over the past few years and cor- 
responds to about $4 million. Nevertheless, budgeting is complicated by 
the inflation and requires estimating the rate of inflation both for the an- 
ticipated income and the anticipated research costs. (The budgeting pro- 
cedures used may be beyond the comprehension of the average 



made by BSF are rather small when compared to U.S. ones. The average 
annual research budget per grant is equivalent to about $20,000. It 
should be noted, however, that BSF grants do not pay salaries of senior 
investigators and that Israeli institutions contribute a larger share of 
research costs than is common in the United States. 

One of the problems created by limited funds and by the fact that the 
income is in Israeli currency is that although BSF insists on the active 
collaboration of U.S. scientists, it cannot fund any part of the research 
performed in the United States. At best, the U.S. collaborators receive 
support for one or two trips to Israel and also occasional visits by the 
Israeli collaborators. The result is that BSF projects are heavily depend- 
ent on the support of U.S. granting agencies and institutions for the 
American part of the project. On the other hand, it is also true that quite 
often BSF grants complement work funded by NIH, NSF, or other agen- 
cies and thus expands the scope of the research at no additional cost to 
the U.S. agency. 

ACCOMPLISHMENTS AND BENEFITS TO THE 
UNITED STATES 

A research grant program that deals primarily with the support of 
basic research is difficult to evaluate since most of the projects do not 
lead immediately to practical and technological applications. Their 
main contribution is the advancement of science and the contribution to 
knowledge. However, one measure of the quality of a basic research 
program is the publication record. The latest survey of completed BSF- 
funded projects indicates that 85 percent of all projects completed in the 
first 6 years of BSF operation resulted in publication in internationally 
recognized journals. Furthermore, the average was about seven scien- 
tific papers per project. 

In addition, a number of BSF-funded projects resulted in 
developments with potential applications such as: 

a simplified process for producing thin amorphous silicon for use in 
solar cells 

development of a computer program to improve the yield of cotton 
by optimizing the use of insecticides 

a chemical system capable of storing energy without the energy 



syntnesis or a vitamin proved to aid numan Done development 
a process to make hard phosphate soluble for use as a fertilizer at 
half the high (i.e., expensive) temperature normally required for the 
purpose 

integrated (combined environmental and chemical) control of cer- 
tain plant diseases 

Benefits from the BSF program are intended to contribute to the scien- 
tific and technological development of both countries. The benefits to 
Israel are obvious, as BSF plays a pivotal role in the support of academic 
research in Israel and fosters closer links with the U.S. scientific com- 
munity. However, there are clear benefits to the United States as well. 

The professional standard of research in Israel is high and com- 
parable to that in many of the advanced countries. In some areas, Israeli 
scientists are among the world leaders, e.g., hormone research, solar 
energy, theoretical physics and chemistry, mathematics, nuclear 
medicine, and arid zone research. The cost of research in Israel is lower 
than in the United States. The average annual BSF grant of $20,000 com- 
pares to about $40,000-$50,000 in the United States. Thus, with the 
United States paying only one-half of BSF cost, it can "buy" research at 
about one-fourth the cost of supporting comparable research at home. 

Scientific progress reports and final project reports are provided to 
interested U. S. agencies as soon as they are received by BSF. This assures 
a rapid flow of information that benefits U.S. technical agencies. Also, 
as mentioned before, BSF projects often complement and supplement 
work funded by U.S. granting agencies or performed in U.S. govern- 
ment laboratories, thus ensuring more rapid progress at no additional 
cost to the U.S. government. 

ANALYSIS OF THE BSF MODEL: ITS SUITABILITY FOR 
INTERNATIONAL SCIENTIFIC AND 
TECHNOLOGICAL COOPERATION 

Compared to other modes of formal international cooperation, the 
binational foundation model (as exemplified by BSF) presents many 
advantages and a few disadvantages. Before describing these, however, 
it should be noted that certain conditions existing at the time of the crea- 
tion of BSF made success highly probable. First of all, BSF grew out of 



communities of the two countries. Many Israeli scientists had received 
some or all of their training in the United States. Even those who had not 
either spent some time on sabbaticals in the United States or worked for 
several years at U.S. academic institutions or in industrial laboratories. 
Conversely, a fair number of U.S. scientists spent sabbaticals in Israel 
working at the major research institutions. Thirdly, the Israeli scientific 
establishment is recognized as one of the best in the world. On a per 
capita basis, the number of scientists and engineers in Israel compares 
favorably with that of many of the most scientifically and technologi- 
cally advanced countries. With these preconditions, one could feel con- 
fident that a reservoir of collaboration already existed that could easily 
be tapped to generate a large number of good project proposals. There 
was no need for the foundation to perform the services of a "marriage 
broker." 

Some of the advantages of the "BSF model" are presented in the 
following paragraphs. 

Assured Annual Budget 

Since BSF operates on the income from a fixed endowment, it does not 
need annual appropriations. Neither does it have to depend on the abil- 
ity and willingness of various government agencies to contribute support 
for selected activities. Although, due to special circumstances prevailing 
in Israel, the annual income fluctuates and cannot be predetermined 
with great accuracy; nevertheless, BSF can count on approximately the 
same income year after year. If the endowment were in dollars (as is the 
case with the BARD Foundation) rather than in Israeli shekels, the situa- 
tion would be even better. 

Nonpolitical Character 

Even though the BSF Board of Governors represents the two govern- 
ments, political issues rarely enter its deliberations. Its main function is to 
set policies and guidelines and to review annually the scientific program 
of BSF and approve its budget . Both governments also enter the decision- 
making process by indicating their priority interests in proposals sub- 
mitted. These indications are based primarily on scientific and technical 
considerations and. onlv in verv rare instances, on oolitical considera- 



Quality Control 

By using a "binational" peer review system, BSF is assured of a 
comparison between the projects submitted and those currently in vogue 
in the United States and other scientifically advanced countries. Most of 
the U. S . and many of the Israeli reviewers also review proposals for major 
U.S. funding agencies (e.g., NSF, NIH, the Department of Energy), and 
their evaluations reflect their comparative assessment. Even though the 
peer review system has its shortcomings in reaching final decisions in a 
very tough competition, it nevertheless provides an excellent indication 
of the overall quality and relevance of the applications received. 

An added element by which BSF tries to assess the quality of its projects 
is the provision of project reports to cognizant U.S. agencies. Feedback 
from these agencies is used to evaluate the scientific quality and relevance 
of its work on a continuing basis. 

There are some disadvantages as well. The financial independence, 
which was previously identified as an advantage, may also become a dis- 
advantage. For several years now BSF has tried to obtain an increase in its 
endowment, which has been partially eroded by inflation, to be able to 
fund more projects of excellent scientific quality. Such an increase, how- 
ever, requires agreement by both governments and also the provision of 
fairly substantial funds, albeit on a one-time basis. Complex political and 
budgetary considerations make this a slow and difficult process. 

Another disadvantage, previously alluded to, is the lack of dollar 
funds, which makes it virtually impossible for BSF to support portions of 
the research conducted in the United States and thus creates a heavy 
dependency on existing support provided by U.S. funding agencies for 
the American collaborators. However, this shortcoming was corrected 
when the BARD Foundation was created. As mentioned earlier, its en- 
dowment is entirely in U . S . dollars and funds are available to support the 
U.S. investigators. 

Another possible disadvantage is the broad coverage of research areas 
by the BSF program. The result is that BSF activities are scattered among 
many fields of research without making a significant impact in any one 
field. However, this is a problem that could be resolved by a policy deci- 
sion of the board. 



SUMMARY 



in a framework where foreign policy considerations outweighed scien- 
tific ones. However, even if such conditions prevailed, it would seem to 
be possible to adapt this model to be more effective than other modes of 
formal international cooperation currently practiced by the United 
States. It should also be noted that the success of BSF led to the creation 
of two more U.S. -Israel binational foundations, the Binational In- 
dustrial Research and Development (BIRD) and the BARD foundations. 
Their operations vary somewhat from those of BSF, both with respect to 
financial arrangements and objectives, which emphasize applied 
research and development. The success of their programs proves that 
the basic concept is a good one that can be adapted to fit different 
objectives. 



Discussion 



One focus of discussion in the workshop was the various models of 
U.S. bilateral S&T cooperation. Among the oldest and most enduring 
examples of such cooperation is the U.S. -Israel Binational Foundation. 
Financed on the basis of credits to the United States under the P.L. 480 
food assistance program, the Binational Science Foundation (BSF) was 
established in 1972 with a board appointed jointly from both countries 
and with an emphasis on agricultural and biological research and, to a 
lesser extent, on the physical and mathematical sciences. Each funded 
project involves some degree of collaboration, ranging from data ex- 
change and consultation to side-by-side research. Among the major ad- 
vantages of the BSF model are: (1) operation from an endowment so that 
it does not require an annual appropriation, (2) operation that is largely 
nonpolitical, and (3) binational peer review for quality control. Among 
the disadvantages are the facts that (a) little or no money goes to U . S . in- 
vestigators (since the work must be carried out in Israel), and (b) the pro- 
gram has overextended the amount of interest income available to it. 

A second form of bilateral S&T cooperation discussed at the meeting 
concerned the various U.S. -Japan cooperative arrangements. The rela- 
tionship is based at the governmental level on more than a dozen major 
agreements, including most recently the U.S. -Japan Agreement for Co- 



much as it is giving, and that the projects themselves are among the best 
which the United States has developed with other countries. 

Japan has now committed itself to an investment of more than $100 
million in U.S. R&D programs. There is no other country that even ap- 
proaches this figure. By contrast, the approximate U.S. investment in 
R&D programs in Japan amounts to only $4-$5 million. There would 
appear to be substantial justification for increased U.S. investment in 
the many unique Japanese research facilities if the financial resources 
could be identified. The problem is how to determine an appropriate 
boundary between cooperation and competition. 

Although succeeding administrations have recognized the need to 
protect and promote cooperation with Japan in basic science, there is a 
growing resistance to expanding cooperation in areas of technological 
development (e.g., microelectronics or biotechnology) where the 
United States is being seriously challenged. While the early post-World 
War II rationale for cooperation with Japan was based explicitly on 
political criteria (i.e., to bind the rebuilt nation to Western democratic 
institutions), the political and economic situation today is fundamen- 
tally different. U.S. policy must be altered to take account of these 
changed circumstances. 

A third type of bilateral S&T cooperation discussed at the workshop 
was U.S. -European space science projects, which represent a slightly 
different model in that they have involved both strictly bilateral efforts 
and consortium arrangements between the United States and the 
member countries of the European Space Agency (ESA). In this case, 
there is no transfer of U.S. funds to other countries; each participating 
nation supports its own activities. As a result, however, there is also lit- 
tle technology transfer, and it is likely that the United States probably 
would not participate if it were forced to share the critical space 
technology that it has developed alone at great expense. 

On the other hand, the United States no longer controls access to 
space (i.e., launch capability) as it once did. ESA now has an independ- 
ent launch capability, and the Japanese also are developing space 
technology. At the same time, budget resources in both the United 
States and Europe are severely constrained, thereby creating an impetus 
to avoid unnecessary duplication of effort by developing a global plan 
for space science. With the planning effort now under way for the 



development or a space station, I\/-\D/\ is prooaoiy more receptive man 
at any previous point in its history to expanded international coopera- 
tion. Meanwhile, the Europeans have been engaged in a planning pro- 
cess that is to culminate in 1985 in a decision whether to opt for full col- 
laboration with the United States or for the development of parallel 
autonomous space capability. 

Discussion regarding specific space science projects centered on the 
difficulties caused by the cutbacks and/or cancellation of some recent 
cooperative efforts. In particular, NASA representatives indicated that 
the decision to cancel the International Solar Polar Mission (ISPM) was 
a difficult one and that the agency was fully aware of the consternation 
that this would cause in Europe. In the end, the lack of an internal 
NASA science adviser and the realization that cuts would have to be ab- 
sorbed somewhere in the NASA budget forced a decision as to which of 
the pending international missions could best tolerate the cutback. This 
was judged to be ISPM. It was noted that experience in space science 
cooperation indicated that the projects most likely to fail are those in 
which high-level committees try to lead projects from the top, rather 
than ones in which mutual interest on the part of scientists on both sides 
causes an idea to be promoted from the grass roots. 
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INTRODUCTION 

On the slightly sloping plains between the southwest end of Lake 
Geneva and the steep southern flank of the Jura Mountains, a vast 
complex of architecturally confused and confusing surface structures 
makes up that part of the European Laboratory for Particle Physics 
that is visible to the casual visitor. A tightly interlaced network of 
beam tunnels and accelerating and detection equipment is almost en- 
tirely hidden from view, much of it subterranean, all of it fed from one 
initial source of positively charged hydrogen nuclei ("protons"), all of 
it masterminded by one precisely linked network of computers. The 
protons, on their way from initial liberation out of a hydrogen plasma 
to eventual collision with a stationary target at an energy equivalent to 
500 times their mass, or to final annihilation upon encountering head- 
to-head an antiparticle of equal but opposite momentum, will pass the 
border between French and Swiss territory some 100,000 times. This is 
the border across which Voltaire withdrew when his free-thinking 
ways made him suspect to the rightist French monarchical establish- 



tionale Lyon-Geneva just outside the laboratory fences. 

The vast laboratory that geographically straddles the Republique de 
Geneve and the French Departement d'Ain was formally established by 
an intergovernmental treaty of 11 European nations in early 1952. 
Dedicated to the pursuit of fundamental research in particle physics, 
and financed on a level beyond the means attainable by most individual 
countries, the organizational entity created at that time was given the 
name Conseil Europeen pour la Recherche Nucleaire (CERN). 
Although the laboratory's mission is better reflected, in today's context, 
by the nomenclature the present directorate prefers also for political 
reasons European Laboratory for Particle Physics the acronym of 
the initial organization, CERN, gives the laboratory its name to this 
day. More importantly, CERN is the single most successful interna- 
tional organization that has sprung out of the misery of postwar Euro- 
pean political, social, and cultural conditions. It may be one of the very 
few international organizations ever created that have fulfilled their 
mission, almost invariably high-minded, to the expectation of their ini- 
tiators. 

Geneva is home to a number of organizations whose multifaceted 
international missions and precariously balanced constitutions permit 
only limited success; others flounder from crisis to crisis, from bilious in- 
fighting to sullen compromise. At CERN, on the other hand, preoccupa- 
tions and highlights concern the successful operation of a major new ac- 
celerator or beamline, a tantalizing new experimental result, or a splen- 
did new discovery. The epochal achievements of two large experimental 
teams that, this year, discovered field quanta akin to the massless 
photon, but a hundred times more massive than the hydrogen nucleus, 
had no national origin and found no nationalistic overtone it was an 
achievement of the first order produced by teams of scientists from all 
across Europe, and the entire laboratory appeared to share in the pride 
the discovery generated. The author list of the scholarly publications 
following from this work also contains U.S. scientists, reflecting both in- 
stitutional participation and individual visitors. 

What makes particle physics a field where international cooperation 
appears to generate success? 



these phenomena has occupied fertile minds from antiquity to the pres- 
ent day: diffuse threads link Democritos' postulate of the existence of an 
a-rojuocr ( = atomic, i.e., indivisible state of matter) to medieval 
alchemists and to nineteenth-century chemists, whose observations 
first indicated a precise number of basic constituents of, say, a liter of 
water. Their cerojuoi were water molecules. 

The vast explosion of scientific knowledge that has characterized the 
most recent hundred years has, as its principal landmarks, discoveries 
that more and more precisely defined notions of what would describe 
"particle" behavior in successive generations: Maxwell's theory of elec- 
tromagnetism, Roentgen's discovery of X rays, Einstein's theory of 
blackbody radiation, Bohr's model of the atom, and finally the tidal 
wave of quantum mechanics, both classical and relativistic, the 
emergence of particulate electrons, photons, neutrons, of antimatter, 
and of massive particles ("pions") that appeared to carry the force be- 
tween atomic "nuclei," the dense insides of the atoms that make up 
yesterday's CXTO^OL, the molecules of the chemist. 

If there are two discoveries that have set the scene for today's ap- 
pearance of the discipline of particle physics, they are, first, Einstein's 
1905 postulate that energy and mass are equivalent (E = me 2 ), with its 
later corollary that a particle of a given energy is describable in terms of a 
wave characterized by a fixed frequency of oscillation, or a wavelength 
inversely proportional to that energy; and second, on a different level, 
Hahn's and Strassmann's 1939 discovery that a heavy atomic nucleus, 
e.g., certain isotopes of uranium, can be split in such a way that 
neutrons emerging from the break-up process can initiate further such 
splittings, leading to a chain reaction. The first of these observations has 
been leading us to understand that, to study successively smaller 
substructures of matter, at levels way below the atoms of 1905 or the 
nuclei of 1938, we have to go to smaller and smaller wavelengths of the 
"light" that we use to illuminate them, and therefore to higher and higher 
energies for the particles that make up these beams. The second occur- 
rence has forced us to realize that an illusion held dear by modern-day 
scientists the illusion that, unlike the medieval alchemist whose liveli- 
hood was provided by some lord who really expected his hired sage to 
turn tin into gold or carbon into diamonds, our latter-day civilization 
permits them to pursue knowledge for its own sake in suitably equipped 
and comfortablv soundoroofed ivorv towers is at best a daneerous 
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Particle physics in its present form is shaped by these two events. 
How? 

The distances over which we observe elementary particle structure 
and interactions today have decreased from the 10 ~~ 8 cm of typical 
atomic structure to some 10 ~ 16 cm. This means that the energies needed 
for particle beams that will probe subnuclear interactions as we study 
them today are some 10 8 times higher than energies typical of atomic 
phenomena. This translates into a need for great technical efforts. We 
can illustrate this by a look at particle accelerators at the cutting edge of 
our science. Take, as examples, the CalTech Electron Synchrotron, 
which helped accumulate vital data on nucleonic structure between 
1955 and 1970: at a final energy of 1.5 GeV, 1 it accelerated electrons so 
that photons could probe nucleons to distances a few times 10 ~ 14 cm; it 
fitted comfortably into a single hall on the small Pasadena campus, and 
was well supported by a crew of eight operators and technicians, with 
annual operating costs of about $0.5 million. Between accelerating 
cycles, its energy was stored in a large steel flywheel. The bill paid to the 
local power company was negligible. 

The synchrotron that will accelerate electrons to an energy of some 50 
GeV as a first stage (later to be raised to 100 GeV) and their antiparticles 
to an equal but opposite momentum, 2 to be built by CERN for initial 
operation in 1988, needs a subterranean tunnel of roughly circular 
shape,, and of a total length of some 26.7 km. Its building costs will be 
some $400 million, 3 the permanent support staff will number some 800 
people, and the electrical power bill alone will amount to an annual $20 
million. 4 This accelerator, suitably called LEP (Large Electron-Positron 
[collider]), will probe the so-called Weak Nuclear Force (the force 
responsible for ^-radioactivity in nuclei) at distances below 10 ~ 16 cm, 
just as the CalTech Synchrotron probed the strong nuclear force at 
10 ~ 13 cm. Just as there were four experimental setups serving four teams 
of experimental physicists at CalTech, doing different but related ex- 
periments, so we expect to have four experimental setups providing four 
related experimental goals for four teams of scientists at LEP. 

This is where the parallel becomes skew: The teams at CalTech con- 
sisted of, typically, a faculty member and a couple of graduate students; 
at LEP, the teams will consist of between 200 and 400 scientists each, 
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LEP, people will fly in for shifts arranged months ahead of time, from 
home bases hundreds or thousands of miles away. At CalTech, prepara- 
tion of an experiment took from 3 months to a year; at LEP, the 
minimum time deemed reasonable for full preparation of a major experi- 
ment is approximately 6 years. At CalTech, funding for the individual 
experiments was informally arranged within the laboratory and almost 
automatically subscribed by the U.S. Atomic Energy Commission 
(which at that time funded about 90 percent of particle physics research 
in the United States); at LEP it takes deliberations involving represen- 
tatives of 12 national governments to finance any of the four ex- 
periments. Across the changes illustrated by the two examples given, 
these changing features as well as those that have remained constant 
make up the very special features of particle physics that make it a 
natural for international collaboration: 

The problems pursued are of a truly fundamental nature. There is 
no dissension concerning the basic importance of our understanding of 
the most elementary constituents and forces of nature. The field is not 
subject to scientific or cultural or economic "fashion." 

The aims of particle physics are deeply cultural. They are, as of 
themselves, remote from the interests of military use or economic gain. 
This is not to say that secondary effects may not be interesting to both of 
these pursuits, but the second of the shaping events mentioned above 
has engendered a strong tradition among scientists that keeps them well 
separated from all military or even traditional commercial interests. 

Fundamentality as well as remoteness from competitive power 
structures permits and encourages openness. All research done at all 
high-energy particle accelerators the world over is unclassified, readily 
published, easily communicated among colleagues, and accessible to all 
interested. 

Easy communication encourages competitiveness on an interna- 
tional basis: new theories or speculations that suggest novel experiments 
are immediately known worldwide. Many scientists may wish to pursue 
an almost identical problem, maybe even with almost identical means. 

Undeniably, there is a prestige or "flagship" aspect to the support of 
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of her own, and even that is attempting to widen its appeal to all in- 
terested parties from Europe, Asia, and the Americas. 

Through all the vagaries of the Cold War and the economic straits 
of the past 30 years, scientific contacts among particle physicists from all 
nations involved in this pursuit have been unbroken. This has been true 
despite the most trying aspects of strategic, economic, and civil rights 
disputes. 

All of these points may indicate why elementary particle physics is a 
special field that profits from the most unrestricted international 
collaboration and has done so traditionally. It may not be a coin- 
cidence that, even in a historical context, an arch-internationalist nation 
like Italy, spreading its people over the globe, has done extremely well in 
particle physics vide Fermi, Segre, Amaldi, Piccioni, Wick, Cabibbo, 
Regge, and many others, disproportionately so when compared with 
other, more chauvinistic nations that tend to try and go it alone, albeit 
with much superior means. 

It may not be too astonishing then that the team of scientists that dis- 
covered the W and the Z bosons at CERN contains 150 scientists from 
a score of nations, headed by an Italian who also holds a professorship at 
Harvard, and that the apparatus it used was financed by a dozen Euro- 
pean governments. 



CERN: FEATURES OF A LABORATORY 

CERN owes its origins to a confluence of efforts by various in- 
dividuals and institutions whose original aim was the establishment of a 
"Centre Europeen de la Culture" including specialized institutes. 5 For- 
mally, it took a UNESCO initiative that encouraged European govern- 
ments to pool their resources for the purpose of doing nuclear research 
on a level that would permit smaller, less pecunious nations to par- 
ticipate in these activities. The structure that has grown from the 1952 
convocation is a most impressive one, as we will see below. Its true 
measure of success may be most apparent when compared with the fate 
of its much more official, much better financed sister organization 
EURATOM; this latter one, established in parallel with the European 
Common Market for the purpose of furthering cooperation toward the 



the financing of the laboratory according to a convention and a financial 
protocol signed in 1953; it has been amended several times since without 
changing the basic spirit or setup. Article I creates the organization with 
its seat in Geneva; significantly, Article II immediately states that "the 
organization shall provide for collaboration among European states in 
nuclear research of a pure scientific and fundamental character, and in 
research essentially related thereto. The organization shall have no con- 
cern with work for military requirements, and the results of its ex- 
perimental and theoretical work shall be published or otherwise made 
generally available." 

CERN's mission has been principally the design, building, and opera- 
tion of particle accelerators capable of realizing these research aims, the 
execution of major experimental programs on elementary particle 
research topics, and the assembling of a team of theoretical physicists 
capable of stimulating and interpreting experimental work. The 
laboratory today operates a proton synchrotron (PS) with an energy of 
26 GeV (since 1959) and a proton synchrotron (SPS) that reaches 450 
GeV (1976); these have recently been modified to also accelerate an- 
tiprotons in the opposite direction, so as to make collisions of protons 
and antiprotons traveling at equal but opposite velocities possible (pp 
Collider); it also operates the Intersecting Storage Rings (ISR), which 
collide protons traveling in two interlaced rings almost head-on. For 
many years, starting in 1957, there was also a vigorous medium energy 
program centered on the SC (Synchro-cyclotron), which accelerated 
protons to 0.6 GeV. Much of the present CERN activity is directed 
toward the design and operation of the LEP project discussed in the pre- 
vious section the first excursion of CERN into the realm of electron 
machines, hitherto dominated by the Stanford Linear Accelerator 
Center (SLAC) in California and the German Electron Synchrotron 
Laboratory (DESY) in Hamburg. 6 

Among these projects, two do not at present have an equivalent in the 
United States, the ISR and the pp Collider. The antiprotons that feed the 
Collider can also be decelerated to permit low-energy pp (proton- 
antiproton) interactions in the Low Energy Antiproton Ring (LEAR), 
another unique facility. The huge LEP project, on the other hand, will 
have a U.S. competitor, the Stanford Linear Collider (SLC), for its first 
(50 GeV) phase; but machine parameters and readiness of access make 



it enjoys, differs considerably from that of American laboratories: its 
governing body is the Council. Each member state has two delegates in 
the Council, usually one scientist and one representative of its govern- 
ment. The Council determines the outlines of the scientific policies and 
its relations with the member states. It has to pass the CERN budget, 
supervises all financial, legal, and personnel matters, and appoints the 
director-general. 

The Scientific Policy Committee, consisting of scientists without 
regard to their national origin, advises the Council on scientific matters 
and on their importance for the CERN program. Its membership in- 
cludes the chairmen of the experimental committees that are responsible 
for the examination of experiment proposals submitted to the 
laboratory. Experiments are approved or disapproved, upon the recom- 
mendation of the appropriate experiment committee (of which there is 
one for each large accelerator) by the Research Board. This board, 
chaired by the director-general and also containing CERN's research 
directors and scientific divisional leaders, carries ultimate responsibility 
for definition and realization of the experimental program of the 
laboratory. 

The CERN management is headed by the director-general, whose 
term of office usually extends over 5 years. The director-general is a 
scientist who has considerable executive privileges, but usually comes 
from outside the laboratory and usually returns to a position outside the 
laboratory after his term. There has been only one extension of the term 
of office of a director-general. The director-general need not come from 
a member state. 

The distribution in national origins of CERN scientific personnel, 
coming mostly but not exclusively from member states, is not necessari- 
ly representative of the importance of their home countries in CERN 
support. Out of a total of some 6,000 people working at the laboratory, 
some 3,500 are full-time employees (the top echelons of which enjoy 
diplomatic status, on a par with the leading employees of other interna- 
tional organizations); the remainder are fellows, visitors, or people 
working at CERN for outside laboratories. 

The financial resources needed for the operation of CERN are deter- 
mined by a standing committee, the Finance Committee, and then are 
agreed upon by the Council every year; a 5-year projection of expen- 
ditures is oassed bv the Connril. nrovidine- fnr HUP nnHrp f-n 



shall contribute more than 25 percent of the total budget. At present, the 
674 million Swiss francs ($320 million) annual operating budget is 
subscribed 25 percent by Germany, 21.7 percent by France, etc., down 
to 0.36 percent by Greece. 

Certain decisions, such as the LEP construction, have to be supported 
and subscribed to by unanimous vote of the CERN Council. This gives 
unusual weight to the small nations and acts as a safeguard against the 
domination of the fate of the organization by the large contributors. The 
recent agreement to establish LEP was preceded by endless negotiations. 
A special convention saw only two-thirds of the member states in favor 
of LEP. It took special negotiations by the Council to mute the preoc- 
cupations of several countries and reach unanimity. 

Given the above organizational features of CERN, what makes it the 
success it has been? It should first of all be remembered that the discipline 
itself sets the tone of the activities (see section above). But in practice, 
here are patterns that have evolved over the years which must be 
counted important: 

Experimental teams, large or small, very rarely if ever are composed 
of people from one member state only. Most collaborations have 
multinational membership. 

CERN management has never been shy about imposing organiza- 
tional conditions on experiment proponents, including the recommen- 
dation that teams from other (usually less well supported) nations be ab- 
sorbed into a collaboration. This has, not withstanding its interference in 
the internal workings of scientific teams, ensured that strong and well- 
funded nations would not dominate the scene. 

There is no history of national rivalries, of chauvinism among 
CERN teams; competition for support means, for beamtime, or for ap- 
proval of an experiment is tough, sometimes even vicious, but always 
directed at the task at hand. 

In its decision-making process, CERN management has invariably 
. been mindful of the societal impact of the laboratory. This has 

sometimes led to the support of programs the principal distinction of 
which appeared to be that they would feed a large number of physicists, 
rather than maximum scientific merit. 

CERN has consistently opened its door to outsiders: Although 
scientists from nonmember countries do not share in all the orivileees of 



countries whose scientists had political or economic problems of 
collaboration. 

CERN's stable finances have permitted it to do things well, i.e., to 
devote the necessary resources to the building and maintenance of 
machines, beamlines, and detectors. Few if any scientists there have had 
to operate under the constraint, only too well known in the United 
States, to cut corners whenever possible, to take inordinate risks, to 
compromise quality. 

CERN's facilities have been designed and built by well-paid 
engineers more or less like NASA, which cannot afford technical 
failures. A U.S. tendency to have research physicists act as amateur 
machine builders has been avoided. 

The ensuing high quality of machine building has paid off hand- 
somely: only by the high standards of magnet and vacuum chamber 
construction can the success of converting the SPS accelerator into a 
colliding pp machine be explained. 

CERN realized early on that the presence of a strong theory group is 
of great benefit to a laboratory based on accelerator work. Today, a 
senior staff position with the CERN Theory Division can compete for 
talent with a professorship at Europe's most prestigious universities. 
Temporary positions, too, are made unusually attractive. Visitors come 
in hordes. As a result, much excellent theoretical work is done at CERN. 
U.S. accelerator laboratories rarely if ever have been able to compete for 
theoretical talent on this scale. 

There has been an explicit policy to bring European industry into 
close contact with the laboratory. Unlike a tendency well entrenched in 
the United States, there has not been a trend to build magnets more 
cheaply on site, to build klystrons or power supplies in competition with 
industry: Orders have been passed out to industry, sometimes along 
with necessary expertise. This policy, well balanced over the member 
states, has made powerful friends for CERN. 

The laboratory management has made consistent efforts to make 
not only governments, but also a wide public understand its efforts. The 
popular brochures put out by CERN are exemplary in content and 
presentation. 



Clearly, there is a distaff side to the heavily organized, painstakingly 



fertile brains in instrumentation and engineering physics. The 
laboratory has derived immense benefit from the presence on its staff of 
such inventive people as Simon van der Meer, developer of stochastic 
cooling and of the neutrino "horn of plenty" (without which high- 
energy neutrino experimentation would be unthinkable) whom Vic- 
tor Weisskopf, director-general during the 1960s, gratefully calls the 
"Maxwell Daemon of the 20th century"; as Georges Charpak, the yard- 
stick of detector specialists; as Kjell Johnson and Wolfgang Schnell, 
builders of accelerators that so far surpassed their specifications as to 
permit their use for projects far beyond their original mission; and many 
others, whose ingenuity, in the United States, would likely have found 
proper recognition only in industry. 

CERN: A LABORATORY WITH U.S. ROOTS 

Historically, Western European and U.S. science are so tightly inter- 
woven that it would be wiser to speak of roots common to all than of 
specific national godfatherhood to a great scientific enterprise. Still, it is 
not just for the present argument's sake that we recognize typically 
American features features that would not follow from European 
traditions in the structure as well as the practices of CERN. 

The roots of CERN science may have little that's American in them, 
but the great exodus of top European scientists during the Nazi and 
postwar eras exposed these people to a spirit of pioneering attitudes, of 
speculative approaches to the problems of the classical sciences, of a lack 
of respect for passed-down structures of academic life that were to be 
seminal to European science at the postwar stage . In this sense, it was not 
only the official UNESCO appeal (influenced in no small measure by the 
insightful suggestions of I. I. Rabi, the noted Columbia University 
physicist) that led to the original CERN convention and, by shaking 
European nations out of national patterns of academic activity, brought 
a transatlantic breeze into action; but also the attitudes acquired by 
formerly European scientists who now came back to help establish the 
new research complex that put a decisively American brand onto a wide 
range of CERN features. The laboratory may, in its infancy, not have 
had much of a personality of its own, when Felix Bloch born in 
Switzerland, later at Stanford became its first director-general. The 
trulv formative vears of CERN were those when the first imoortant ex- 
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muon, and thereby provided an ever more impressive confirmation of 
the theory of quantum electrodynamics, had people like Garwin, Leder- 
man, and Telegdi among its initial contributors. On a technical basis, 
too, U.S. influence was seminal: Courant and his colleagues from the 
Brookhaven National Laboratory (BNL) suggested to the CERN 
engineers the adoption of the strong-focusing technique for accelerator 
construction. 

Maybe the most formative period was that of Victor Weisskopf 's term 
as director-general (1961-65), during which CERN became a full com- 
petitor to its then U.S. equivalent, BNL. Weisskopf brought to his task 
an inimitable mix of Old Vienna charm, of the prestige associated with 
his pioneering work on quantum mechanics with Pauli and others, and 
of the teamwork know-how he had acquired during his service in war- 
time Los Alamos. A man of deep culture, he personified the best of both 
the European and the U.S. traditions: The first made him universally ac- 
cepted among European colleagues as well as government represen- 
tatives; the second gave him both the confidence and the know-how to 
assemble and direct a large team of scientists in such a way as to make the 
physics result the principal issue. He adopted consciously or sub- 
consciously the charismatic leadership style that had been so effec- 
tively developed at Los Alamos by Oppenheimer. But unlike the lat- 
ter, he did not have to live to question the fruit of his labors: To this 
day, Weisskopf is a popular lecturer and valued counsel around 
CERN, just as his voice was heard and respected for many years as the 
chairman of the High Energy Physics Advisory Panel (HEPAP), an ad- 
visory panel of the U.S. government, upon his return to the United 
States. 

Weisskopf 's activities included attracting top U.S. scientists with 
European backgrounds to CERN; by inviting Giuseppe Cocconi and 
Jack Steinberger to join the new laboratory, he again imported U.S. 
know-how and U.S. attitudes, albeit in European skins. Into his period 
fall two other important developments, one positive and one less suc- 
cessful: On the positive side, CERN developed a neutrino beamline that 
was to compete with the U.S. 's Brookhaven Alternative Gradient Syn- 
chrotron (ACS) neutrino facility head-on, to find out whether specula- 
tions for two separate lepton families were correct or not . CERN lost the 
race, but its resulting commitments to neutrino physics were to lead to 



tion of weak neutral currents. On the negative side, we must count the 
invitation to an entire U.S. team of experimenters that attempted to do a 
major experiment at the CERN PS, using almost exclusively equipment 
built in the United States and transported to CERN, in a search for the 
relative parities of the sigma and lambda hyperons through spark 
chamber techniques. This concerted effort to do an entire project from 
the outside on a go-it-alone basis did not lead to success and would in- 
fluence later attitudes toward experimental collaborations with 
nonmember states. 

Also into this period falls the decision by Weisskopf to build the ISR, 
permitting high-energy protons to interact with others of equal but op- 
posite momentum; parallel initiatives at BNL had been rejected. The 
technical success and experience thus gained permitted his successors 
Leon van Hove and John Adams, in 1978, to support the conversion of 
the SPS into a proton-antiproton collider, whose great later successes 
would otherwise be unthinkable . 

The presence of U.S. physicists at CERN thereafter remained a persis- 
tent but ad personam feature for years, until, with the advent of the 
above-mentioned ISR in 1971, CERN had a unique facility at its disposal 
that had no equivalent in the United States. At that point, discussions 
between Bernard Gregory and Rodney Cool of Rockefeller University, 
who had spent repeated periods at CERN, led to the entry of U.S. teams 
into joint experimental ventures at the ISR. The pattern informally sug- 
gested by Gregory, never elevated into a fixed rule, implied that there 
should be at most 50-50 participation from the United States and that 
there should be a proportionate sharing of the costs of experimental 
equipment, but no charges for services, setup, orbeamtime (as has been 
the case at other laboratories). The ensuing CERN-Columbia- 
Rockefeller collaboration has, with modifications, existed ever since. It 
was later joined by a Brookhaven-Yale-Syracuse contingent for another 
major ISR experiment series, whose head, W. Willis of Yale and 
Brookhaven, has since become a permanent CERN staff member and by 
a major search for high-mass states that might decay into /JL + f*,~ pairs, 
headed by S. Ting of MIT. In fact, in 1978, about 25 percent of all 
physicists working on experiments at the ISR came from U.S. 
laboratories. All of this happened simply by arrangement with the in- 
dividual U.S. institutions, not by Council negotiations with U.S. 
eovernment aeencies. 



The irreverence typical of the American approach, which doesn't mind 
occasionally adopting a cheerfully "low-brow" stance, has had a 
salutary effect on particle theory through its influence at CERN. 

PATTERNS OF U.S. COLLABORATION AT CERN: 
PROBLEMS AND BENEFITS 

Activities of U.S. scientists at CERN are seen to fall, roughly, into 
these categories: 

Individuals who have been invited to CERN because of specific 
promise that their presence at Geneva would be a major asset to the 
laboratory. This may be on either a temporary or a permanent basis. 

Short-term visitors (usually for 1-year terms) on leave from their 
home institutions (often sabbatical leave); they may be partially or fully 
supported by CERN, or merely enjoy the courtesies accorded unpaid 
visitors. They may come to CERN to participate in a specific experiment 
or development project, to do theoretical work, or they may decide on- 
site which activity to join. 

Small (or even larger) groups from one or several U.S. institutions 
who come to CERN to collaborate on a given experiment they may have 
co-proposed. Their activities at CERN are supported by the U. S . funding 
agencies, mostly within the framework of normal university or labora- 
tory funding. CERN may or may not subsidize their presence in Geneva, 
which is motivated by the availability of an attractive facility (beamline, 
detector). Such collaborations may last for 2-4 years, the typical dura- 
tion of an experiment. 

Groups of U.S. scientists usually entire university groups who 
have been attracted to CERN by a unique possibility of experimenta- 
tion vide the arrival of stable groups from the United States with the 
advent of the ISR. Such groups have established a long-term presence at 
CERN; their funding comes from the Department of Energy (DOE) or 
the National Science Foundation (NSF) and is usually only indirectly 
helped by CERN. Their size may be small, as the Northwestern Univer- 
sity group, or moderate, as the UCLA team at the ISR, or become quite 
massive (as the MIT team); they will in praxi be treated like a team from 
any member-state institution, as long as they provide their share of 
equipment and manpower for an enterprise. 
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laboratories and will often contrive to remain in Europe as long as possi- 
ble. They are the wandering minstrels of modern-day physics, and upon 
returning finally to the United States bring a flair of European attitudes 
to their U.S. institutions. Some small fraction of these will wind up in 
permanent (mostly nonuniversity) positions in various European coun- 
tries, where again their presence tends to add a refreshing note. 

Remarkably, while all of these contracts and collaborative ar- 
rangements were made after a slowly emerging pattern, never to reach 
the level of a rigid set of rules, and often changed to suit specific cir- 
cumstances, relations of the United States with certain other national 
high-energy physics communities were bound up in government-to- 
laboratory or government-to-government agreements, respectively. 
This is true of U.S. -Russian, U.S. -Chinese, and U.S. -Japanese 
agreements, setting down precise guidelines of collaboration, specifying 
the projects involved, the support to be granted by each side, etc. 
Similarly, protocols of cooperation exist between CERN and the Soviet 
Union and between CERN and China. CERN also formalized its rela- 
tions with some nonmember states by appropriate exchanges of letters 
or of agreements of understanding, usually involving the Council. 

CERN permits physicists from other East European states col- 
laborative activities under its mantle agreement with the Dubna 
Laboratory in Russia. The fact that U.S. scientists have been granted ac- 
cess to CERN and in varying degrees to its resources, in the absence 
of any attempt at formalization, must be seen as a recognition not only 
of the high quality of U.S. high energy physics and of the special "god- 
father" role the U.S. originally played at CERN, but also as an expres- 
sion of a special kinship between the communities of high energy 
physicists in the United States and in Western Europe. These com- 
munities are numerically remarkably well matched. Coincidental^, the 
informality of the process has been invariably useful to both sides. 

In 1978, the European Committee for Future Accelerators (ECFA), an 
advisory body set up in 1963 by the director-general and the president 
of the SPC, which acts as an informal adviser to all of European high 
energy physics, and HEPAP asked a small working group of two U.S. 
and two European physicists to report on recent trends in 
U.S. -European "interregional activity" in high energy physics. After 
studying available data on the 5 preceding years, they reported that the 



European colleagues had been fairly well matched (to be specific, in 
1978, 70 American physicists were engaged on CERN experiments, 
about 70 percent of these at the ISR) . Contributions and benefits were 
seen to have been evenly matched. 

Let us try to be more specific here, without attempting to become 
quantitative. What are the benefits accruing to the United States from its 
CERN connections? 

Providing access to unique facilities. As the demands on energy and 
intensity of beams rise, it becomes less advisable (or even feasible) to 
have parallel machine ventures in the U.S. and Europe. At present, the 
CERN pp Collider, ISR, and LEAR are facilities not available in the 
United States. Ready access to these machines for U.S. physicists is 
important for a balanced U.S. program in high energy physics. Con- 
versely, Europe foresees no early availability of 1 TeV 7 fixed-target or 
collider facilities; as a result, CERN's European Muon Collaboration is 
the first European group that has contracted to take vital parts of their 
existing equipment to the United States. This will undoubtedly boost the 
activities of the Fermi National Accelerator Laboratory (FNAL) muon 
program. The trend will accelerate in the future (see next section). 

Sharing the cost of accelerator physics developments. In a routine 
way, U.S. laboratories and CERN share technological advances in accel- 
erator physics frequently aided by exchange visits of U.S. personnel 
at CERN and that of CERN staff at FNAL, Brookhaven, or SLAC. 
Developments of superconducting magnets, of beam cooling tech- 
niques, 8 of the study of beam instabilities, and of highly focusing parti- 
cle optics may serve as examples. This practice more than doubles the 
means effectively available to U.S. accelerator laboratories for much- 
needed development work. 

Sharing the cost of detector development (and construction) . Simi- 
larly, access to much European detector development which is largely 
directed at, if not locally tied up with, CERN experimentation is of 
great value to U.S. scientists. Much of the pervasively important wire 
chamber and drift chamber technology, to name just one example, 
came almost "free of charge" from CERN. The same can, to a lesser 
degree, be said of liquid argon calorimetry, ring-imaging Cherenkov 
counting, and other techniques. Again, close collaboration more than 



evolve more fully. 

Participation of U.S. scientists in parallel or competing experimen- 
tal projects . It has been a frequent occurrence that individual U.S. scien- 
tists on leave from their home institutions participate in CERN ex- 
periments that are close competitors of the projects they are involved in 
at home. This practice provides for a critical look at their own enter- 
prise, a cross-check, and a sharing of experiences and of responses to 
problems typical of the specific field studied. Sometimes such activities 
may lead to a repeal rather than a verification of previous results. Both 
are obviously healthy. 

The spawning and support of industrial development. This is an 
area more consciously and vigorously pursued by CERN (and, for that 
matter, byDESY) than by U.S. laboratories: The highly political nature 
of the CERN Council makes the support of high-technology industries 
in the member states an important feature of CERN activities. The ac- 
ceptance of the LEP project, with its $450 million price tag, was a con- 
troversial item for some time; remarkably, CERN put out a 33-page list 
of items expected to be developed and supplied by European industries, 
from "hi-tech" to civil engineering, complete with name and telephone 
extension of the CERN project engineer to be contacted for details. In- 
teraction with CERN developments, frequently through U.S. scientists 
working there, but also by direct contacts, has heavily influenced the 
development (and sales) success of U.S. manufacturers of electronics 
and computing equipment. 

Providing a sales outlet and testing ground for U.S. electronics and 
computing manufacturers. The relatively foreseeable and solid funding 
of CERN experiments has been of considerable importance to a number 
of U.S. manufacturers to name but a few, LeCroy Systems and Edger- 
ton, Germeshausen, and Grier (EGG), in the fast electronics sector; 
Digital Equipment Corporation and Hewlett-Packard in the computing 
sector. It is no coincidence that these companies maintain their Euro- 
pean headquarters in Geneva. (There is little if any reciprocity in this 
sector: European hi-tech manufacturers have made negligible inroads in 
the U.S. market.) 

Access to European scientific documentation and records. 
Although this may seem a minor point, sharing documentation 
resources well developed at CERN is an important help to the U.S. high- 
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exhaustive history of CERN has been commissioned by outside 
sources). 9 

Postdoctoral education for young U.S. physicists. Traditionally, 
CERN has been receptive to a number of the most promising U.S. Ph.D. 
graduates and has welcomed them as fully paid CERN research 
associates. Others have spent their initial postdoctoral period in French, 
English, or German laboratories, which made them, for long stretches, 
resident at CERN. Their exposure to a top-notch international research 
establishment has invariably enriched them not only scientifically. A 
cultural broadening may be one of the most essential benefits U.S. scien- 
tists experience at CERN . 

"Continuing education" of senior scientists. The great frequency of 
shorter-term (up to 1 year) visits of U.S. physicists at CERN provides a 
very important outlet to our community. Easy communication on all 
levels scientific, cultural, human with a broad international spec- 
trum of colleagues is a vital resource to many people on leave or on sab- 
batical from high-pressure laboratory or academic surroundings in the 
United States. 

Maybe the most pervasive benefit of the CERN-U.S. connection, in a 
more general sense, is the realization by an important component of the 
academic elite in the United States that sharing on a broad basis without 
counting up each benefit, without weighing advantages and disadvan- 
tages, is both normal and healthy in international relations. Just as it is of 
lasting benefit for European-educated scientists to spend some time in 
the United States and acquire some of the disrespectful pioneering spirit 
that is so often the key to success in our discipline, it is refreshing f or U . S . 
physicists at CERN to be exposed to European traditions and trends. It 
helps to remove vestiges of cultural isolationism still pervasive in some 
of our academic life. 

Measured against the benefits, problems springing from U.S. involve- 
ment have been less prominent, but are changing as the volume grows. 
They are mostly generated by the operational mode necessitated by the 
intercontinental nature of collaborative ventures. 

University (or national laboratory) groups are most effective when 
they can act cohesively. In experimental high-energy physics, this 
means that a group operating at an accelerator within easy driving 
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against experimental shifts; but still, by and large, the problems are 
manageable. 

For intercontinental collaborations, practical problems of this nature 
can severely affect the cohesiveness of university or laboratory environ- 
ments. If a U.S. group has an important involvement at CERN, a senior 
professor and three or four more junior people may have to spend most 
of their time in Europe. With this long-term absence of a major fraction 
of a high-energy physics group, the cohesiveness at the university level 
may be seriously disrupted. Inside the United States, daily telephone 
communication on leased lines can make up for some of this; but 
intercontinental interaction becomes difficult and costly. As a result, 
important aspects of group activities can seriously suffer: Normal 
teaching becomes impossible for long stretches; the vital interaction 
among senior physicists that shape the future program and present 
quality of the group suffers; graduate student, laboratory, and shop 
supervision become impossible. If a U.S. group contracts to furnish a 
certain fraction of equipment for a CERN experiment, it may not be 
reasonable to build it at the home institution and ship it to CERN . The 
home shop size may have to be reduced (and thereby suffer in quality 
and flexibility) to accommodate purchases abroad. Frequently, ISR 
participants from the United States have hired and fired research fellows 
(with U.S. funds, obviously) who never came to visit the home insti- 
tution. Group identity becomes compromised it might be just as well 
to directly fund foreign activities without going through a U.S. univer- 
sity (and thereby inflate the cost by the university overhead expenses). 

In the same spirit, maintaining a group abroad is disproportionately 
expensive. Separation payment, travel expenses, and communication 
costs can eat up large fractions of a group's budget. 

There may, on a purely financial level, also be the problem of creating 
a two-tiered pay scale. People working abroad pay no taxes. Young 
postdoctoral scientists on tax-free CERN fellowships may be 
remunerated as well as some U.S. professors after taxes and will 
therefore be bitterly disappointed when they come home to a meager 
U.S. postdoc stipend. CERN-based and FNAL-based researchers from 
the same U.S. institution may feel they belong to different societies. 

To revert to the previously cited comparison with CalTech Synchro- 
tron operations in 1965, it was easy to have a healthy, fruitful university 
atmosphere conducive to the education of young scientists when all 



CHANGING BOUNDARY CONDITIONS: OUTLOOK 

At present, we appear to be crossing a dividing line in the operational 
mode of high-energy physics operations. It may have been marked by 
the migration, in 1982, of an active major detector from the SPEAR facil- 
ity at Stanford to the DORIS facility at Hamburg, Germany. Concurrently, 
the Crystal Ball Collaboration, which had operated this detector at SLAC, 
doubled in size, swelling its ranks with European collaborators. The detec- 
tor, after being adapted to its new habitat, has been taking data since early 
this year. 

The trend is motivated by the drying up of more and more beam 
"spigots" available to experimental groups of moderate size, the 
emergence of unique facilities abroad, and the determination of the in- 
ternational high-energy physics community to operate as free of na- 
tional and regional bias as possible. U.S.-CERN relations are realigning 
themselves to this development. 

If we look at the machine facilities presently available, or firmly ap- 
proved for construction such that experimental planning is already 
under way, the message becomes clear: A few years from now, initial- 
state (i.e., machine) parameters for high-energy experimentation will be 
different in Europe, in the United States, and in Japan. In the United 
States, there will be 1,000-GeV fixed-target physics as well as 1 X 1-TeV 
pp collisions at the FNAL and 50 X 50-GeV e + e ~ annihilations at SLC, 
plus the remaining (and possibly upgraded) lower-energy facilities at 
Stanford, Cornell, Los Alamos, and BNL. CERN will have the pp Col- 
lider program, probably upgraded in luminosity, LEP, and the remain- 
ing SPS fixed-target program. Electron-proton (ep) physics will most 
probably be available at the HERA facility in Hamburg, Germany, 
where 30-GeV-electrons will meet head-on with 800-GeV protons; there 
will be 30 X 30-GeV e + e~ interactions at the TRISTAN facility (Japan); 
possibly, the UNK facility (in the Soviet Union) will offer 3-TeV fixed- 
target physics. 

CERN is attracting large contingents of U.S. physicists to its LEP pro- 
gram, since the SLC is slated for only one experimental region. (Also, 
LEP promises to have higher luminosity and, in its second phase, higher 
energv than the SLC, and therebv the prospect of investigating a wider 



LJ.UO XJ.gUJ.V- Will CtJ^^l VjyxlilldLV,iy U\_IUI_/lt. CJ.J.I.U J.J. ICUXt. lAfcl JWJ.J.IC _LvJ ^CJLV_Clll, V_l 

the U.S. DOE university support volume by the agency. In fact, pro- 
jected U.S. expenditures for one of the LEP detectors (L-3) are of the 
same order as the target cost of both detectors at the U.S. "competitor" 
installation, the SLC. Clearly, interregional operations in high-energy 
physics have become more than a fringe phenomenon; U.S. relations 
with Europe and Japan will have to be defined within our discipline. 
U.S.-CERN arrangements may have to be modified. 

The International Committee on Future Accelerators (ICFA) has de- 
fined a set of guidelines for interregional collaboration in particle 
physics, which attempt to ensure access to all high-energy physics 
facilities to appropriately staffed and supported groups of scientists ir- 
respective of their national origin. Scientific merit should be the prin- 
cipal criterion for acceptance of an experiment proposal; but local col- 
laboration should be secured for any distant-based originator of a pro- 
posal, and ultimate control rests with the host institution. 

Given the great success of informal U.S.-CERN exchanges in the past, 
it must be our goal to keep formal arrangements at a minimum level. 
Still, the sheer volume of U.S. interest in CERN has led to some un- 
precedented changes. Frequent contacts between CERN management 
and the DOE High Energy Physics (HEP) Office culminated in the ex- 
change of formal letters between the present CERN director-general, 
Herwig Schopper, and the director of the DOE-HEP Office, James 
Leiss, affirming the ground rules for U.S.-CERN relations; and a U.S. 
representative was made a member of the selection committee for LEP 
experiments (R. Taylor of SLAC). 

The recent decision not to pursue the construction of a high- 
luminosity, high-energy (400 + 400-GeV) pp Collider in the United 
States has contributed to the concern that U.S. participation at CERN 
will be much stronger than CERN member-state participation at U.S. 
facilities. HERA and TRISTAN construction will add to the trend of 
U.S. scientists' participating in experiments abroad. The worry that this 
will lead to a massive spending of U.S. high-energy physics funds 
abroad, to the detriment of the national laboratories, must be seen in 
context: 

Insufficient coordination and subcritical funding of U.S. facilities 
and facility development are largely the basis of this imbalance. 
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established over a short period of time; rather, arrangements for U.S. 
support of, and interest in, CERN facilities might well be coupled with 
CERN participation in the preparatory work for the very large pp Col- 
lider recommended by the 1983 HEPAP subpanel. 

Major U. S . use of LEP (as well as HERA and TRISTAN) means that 
the great investments made by the countries subscribing to their con- 
struction and operating costs directly benefit the United States; the ar- 
rangement remains economically advantageous. 

Essentially all other benefits of U.S. CERN participation, specifi- 
cally those to U.S. electronics and computer manufacturers, remain 
valid. 

As we embark on a period where international coordination becomes 
more prominent, we have to strive for greater continuity in our high- 
energy physics program. The stable growth of the European program is 
not in the least due to the long-range planning prevalent in European 
countries. (In Germany, e.g., even individual university groups are 
funded for 3-year periods, and long-range projections are written into 
national budgetary legislation.) Lackadaisical support for our own 
facilities and abrupt termination of half-finished projects, as well as the 
unpredictability of the funding for our university program on a yearly 
basis, put us at a severe disadvantage when it comes to coordination 
with international research activities. The longer time range over which 
a major experimental effort will span say, 8-12 years for an LEP experi- 
ment, from proposal to the completion of the initially foreseen pro- 
gram alone mandates greater long-term stability for our program. 

CONCLUSIONS 

When the European Laboratory for Particle Physics started opera- 
tions in the late 1950s, benevolent U.S. assistance helped to set a pattern 
of successful operation. A tradition of informal U.S. presence at CERN 
built up over the years, thus opening up the physical and cultural 
resources of this uniquely successful laboratory to American scientists 
on a mutually beneficial basis. 
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It will be desirable to keep U.S.-CERN relations as informal and, 
therefore, as flexible as possible . This will be helped by better long-range 
planning and a willingness to assume longer-range commitments by our 
government. University groups will have to restructure their activities 
to permit far-off operations without an interruption of their classical 
mission, the "unity of teaching and research." Funding agencies and 
parliaments on both sides of the Atlantic will have to show flexibility 
and imagination; they will have to resist the temptation of trying to 
write narrow balance sheets. 

Properly administered, the U.S. presence at CERN will increasingly 
mean a vast widening of our technological and scientific horizon; 
cultural and economic benefits will combine to ensure continued and in- 
creasing success of this collaboration. 

On a more general level, a broadening of the horizons of U.S. and 
European scientists may provide for the most lasting advantages to be 
realized. Just as CERN's impact in Europe has been largely due to its 
proven history of a most successful enterprise in international rela- 
tions, U.S. relations with CERN may yet set a pattern for fruitful inter- 
actions of American economic and scientific power with other 
nations. 



ACKNOWLEDGMENTS 

Instructive conversations with the following colleagues are gratefully 
acknowledged: Giuseppe Cocconi, Ernest Coleman, Rodney Cool, An- 
dre Martin, Pief Panofsky, Herwig Schopper, Jack Steinberger, Leon 
van Hove, Victor Weisskopf , and Alan Wetherell. 



NOTES 

1. 1 GeV = 10 9 electron volts; the mass of the proton corresponds to approximately 1 GeV. 

2. For high energies, we can use momentum and energy as though they were quantitatively 
the same. But the definition of momentum contains the direction of motion; energy does 
not. 

3. To be precise, 910 million in 1981 Swiss francs, 1,017 in 1983 currency equivalent. Experi- 
mental equipment is not included in these figures. 

4. This includes the power bill for the preaccelerators feeding particles into LEP. 



equivalent to the PEP and SPEAR positron-electron colliders at SLAC. 

1 TeV = 10 12 electron volts. 

Cooling here means the compression of phase space, permitting the accumulation and 

celeration of large amounts of particles like positrons and antiprotons. 

Note, however, that the American Institute of Physics (AIP) maintains very useful 

chives and similarly sponsors historical studies. 
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INTRODUCTION 

In 1979 and 1980, our earth's atmosphere received its first truly com- 
plete physical examination. Aircraft cruised over the broad expanses of 
the Pacific, Atlantic, and Indian oceans, releasing parachute-borne in- 
struments to sense the atmosphere's structure. A fleet of more than 50 
ships stationed themselves around the equatorial oceans to release addi- 
tional instruments and obtain oceanographic observations. Hundreds 
of drifting buoys were deployed in the vast reaches of the southern 
oceans. A flock of balloons floated through the lower stratosphere 
transmitting observations of temperature and wind to orbiting satellites 
aloft. Commercial aircraft similarly transmitted observations through 
satellites to a network of ground processing centers. From space, two 
polar-orbiting and five geostationary satellites kept the globe under 
surveillance. The routine operational weather services of the world 
went into high gear, and special care was taken to transmit every possi- 
ble observation to data-processing centers and archives. Today, some 5 
years later, the body of data collected in this Global Weather Experi- 
ment the centerpiece of the Global Atmospheric Research Program 
(GARP) has been processed and analyzed through an internationally 
organized network of centers and is being intensively exploited by the 
world's research community to unlock the secrets of weather and 
climate. 

The execution of this massive data-gathering program was a 
remarkable achievement. Moreover, its conception and planning repre- 
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tion in the atmospheric sciences. 

BACKGROUND 

Of all scientific endeavors, those dealing with weather and climate are 
surely the most international in character. Air flows freely over political 
boundaries. The same storm may bring rain to London and snow to 
Stockholm. The hurricane that ravages Cuba today may irrigate Mexico 
tomorrow. Even the climate of Siberia is moderated by the distant but 
vast ocean. Thus, exchange of weather information between nations 
goes back many centuries to the circulation of ships' logs between 
mariners. 1 However, it was only in 1872 that a formal international 
system for data exchange was organized with the formation of the Inter- 
national Meteorological Organization (IMO) . Following World War I, 
the International Commission for Air Navigation took an interest in the 
exchange of aviation weather data, and the International Union of 
Geodesy and Geophysics, a nongovernmental member of the Interna- 
tional Council of Scientific Unions (ICSU), concerned itself with 
meteorological research. After World War II, the IMO's functions were 
inherited by the World Meterological Organization (WMO), an in- 
tergovernmental specialized agency of the United Nations (UN). 

The point of the above chronology is simply to emphasize that an ac- 
tive and effective infrastructure for international activities in the at- 
mospheric sciences has existed for a longer time than have many of the 
world's nations. While the Global Atmospheric Research Program 
eventually became grafted onto this infrastructure, its genesis lay in a 
unique convergence of scientific and political circumstances. 2 In the 
period around 1960, many circumstances favored major forward steps 
in meterology. Advances were being made in the design of 
mathematical models of the atmosphere, and electronic computers were 
becoming sufficiently powerful to implement these models. The launch 
of Sputnik in 1957 and its many successors had demonstrated that the 
earth could be observed in its entirety from space at feasible cost. At the 
same time, the postwar hopes for a world of peace and universal 
cooperation were being dashed by the emergence of the Cold War. On 
assuming the presidency in 1961, John F. Kennedy faced a world rapidly 
solidifying into two hostile campsthe first brick in the Berlin Wall was 
laid in August of that year. Moreover, the opposing camp was 



age: The first man in space in April 1961 was a Russian. 

In these circumstances, the new President was naturally motivated to 
open channels of communication in science and technology with other 
countries, especially the Soviet Union, in the hope that advances in 
science particularly in the mastery of space could be turned to 
peaceful ends. Explorations were initiated in the U.S. scientific com- 
munity to uncover areas in which international scientific activities could 
serve these objectives. As suggested above, it was almost inevitable that 
meteorology would be seized upon as a most likely candidate because of 
its long record of success in the international arena and the emergence of 
exciting scientific opportunities. Complex discussion in the U.S. scien- 
tific community and government led to insertion of a single sentence 
into President Kennedy's September 1961 address to the United Na- 
tions on "the peaceful uses of space" appealing for "further coopera- 
tive efforts between all nations in weather prediction and eventually in 
weather control." This impetus, in turn, led to the adoption of UN 
resolutions in 1961 and 1962 calling on member states, WMO, and 
ICSO to develop plans for expanded programs in meteorological ser- 
vices and research, with particular emphasis on the peaceful uses of 
space technology. 3 

PROGRAM DEVELOPMENT 

These resolutions set in motion a lengthy period of exploration and 
planning both within the United States and in the international com- 
munity. The Panel on International Meteorological Cooperation was 
formed by the National Research Council's Committee on Atmospheric 
Sciences (1966), and a similar international group was established under 
ICSU auspices. In early discussions, a wide variety of topics for interna- 
tional cooperation under the UN's broad charge was discussed. 4 
However, attention rapidly focused on a single problem, the large-scale 
motions of the atmosphere and their relationship to weather and 
climate. 

On this topic, all the streams of motivation that had led to Kennedy's 
call to action strongly converged. Numerical models of the atmosphere 
were already being employed in routine weather prediction and were 
evolving into tools for the study of global climate. Research had shown 
that, while there existed a clearcut limit to detailed predictability of 



errors induced by scanty data and those arising from imperfections in 
the models, and meaningful research could be performed. This would 
pave the way for better operational forecasts employing improved 
models and an efficient global observing system. Moreover, observa- 
tions from space provided a new means for obtaining the complete 
worldwide observations needed to carry out meaningful research in this 
area. Finally, it was evident that such a global data set could be obtained 
only through close cooperation among all nations including the 
Soviet Union thus addressing the political goals of the Kennedy ini- 
tiative. 

With the central goal of the program defined, there remained the 
establishment of an institutional framework to support its implementa- 
tion. Here, many competing interests and allegiances had to be recon- 
ciled. It was clear that a program to observe the entire planet would re- 
quire significant resources and that these resources could be supplied 
only by the governments of the world. It was equally clear, however, 
that a simple hardware-oriented data-gathering exercise would fail to 
build the intellectual bridges between scientific communities that were 
so urgently desired. A complex partnership thus evolved, the advan- 
tages of which will be discussed more fully later on. 

Two major and closely linked programs were developed. The first, 
the World Weather Watch, was to be organized by the intergovernmen- 
tal WMO. This promised near-term improvements in the world's opera- 
tional weather observing and forecasting systems by providing coor- 
dination of national efforts and infusions of technology and training 
from the developed to the developing countries. A parallel Global At- 
mospheric Research Program held out hope for the future. This pro- 
gram would be organized jointly by both WMO and ICSU in order to 
draw on both the needed physical resources that governments can pro- 
vide and the intellectual inputs of the nongovernmental scientific com- 
munity. For this latter effort, a unique planning and management struc- 
ture was developed, centered on an independent Joint Organizing Com- 
mittee (JOC) of distinguished scientists reporting directly to the ex- 
ecutive bodies of the sponsor organizations and an equally independent 
Joint Planning Staff (JPS) reporting only to the JOC. This central struc- 
ture was provided with significant funds of its own that it could use with 
minimal bureaucratic inertia and constraint. Supporting national com- 
mittees were established in manv countries, notablv the United States. 



The remainder of the history of GARP is best told in terms of its 
achievements. 6 ' 8 In 1974, the GARP Atlantic Tropical Experiment was 
conducted in the equatorial Atlantic off the coast of Senegal. Scien- 
tifically, this experiment addressed the problems of the tropical at- 
mosphere and ocean and their interaction with the global circulation. 
Politically and organizationally, it served to test the previously untried 
notion that scientists, technicians, and support personnel of many na- 
tions could work intimately and effectively on a common goal in the 
stressful circumstances of a major field program. Both objectives were 
achieved with remarkable success. Other preparatory, process-oriented 
experiments were also launched in the ensuing years, such as the Air 
Mass Transformation Experiment (AMTEX), organized largely under 
Japanese leadership in the western Pacific. 

Meanwhile, planning for the Global Experiment continued. The 
details of its observing program are largely irrelevant to the present 
discussion. In essence, it sought to obtain accurate observations of the 
atmosphere and the underlying surface with a resolution in space and 
time that numerical experiments had indicated would be adequate for ef- 
fective weather prediction research. These stringent requirements 
demanded not only global satellite data, but also in situ measurements 
over the tropics and the oceans. Assembly of the many observing 
systems that might be contributed by many countries was a complex and 
challenging task. Moreover, regional programs such as the Monsoon Ex- 
periment (MONEX) arose to take advantage of the observational net- 
work of the Global Experiment. It is not surprising that the Global Ex- 
periment, first proposed for 1972, was postponed many times because of 
problems in one or another observing system. 

Throughout, the JOC set scientific objectives and priorities and 
served both as a court of mediation and as a court of last appeal seeking 
to maintain a program that would be both scientifically meaningful and 
operationally achievable. JOC's success in this difficult endeavor is 
evidenced not only by the execution of the largest international scien- 
tific field program to date, but also in the continued vitality of the 
worldwide research effort based on the GARP experiments. 



and are unlikely to be repeated. GARP arose in the postwar, post- 
Sputnik era when a unique convergence of scientific optimism, 
technological opportunities and Cold War tensions obtained. The 
linkages between nations, including those in science, had been disrupted 
by war, and there was a widespread yearning to reestablish them. The 
desire to penetrate the Iron Curtain led to strong and continuing political 
support for the program in the United States. This strong political sup- 
port was reiterated time and time again not only by the nations as- 
sembled in the WMO but also by each successive U.S. president. This 
continued backing, and even more remarkably the continuing provi- 
sion of funds by successive U.S. congresses, may demonstrate a fairly 
stable constituency for international cooperative scientific activities. 

Other factors that contributed to the success of GARP are to some ex- 
tent unique to the atmospheric sciences. As we have noted above, 
meteorology has an unequaled history of effective international col- 
laboration. Moreover, most individual meteorologists have at one time 
or another performed the exercise of plotting data from around the 
world on a world map in order to develop analyses and forecasts. In this 
process, they are vividly reminded that none of their work would be 
possible without the cooperation of thousands of meteorologists and 
technicians in all countries of the world. Thus, meteorologists are 
preconditioned to take for granted the necessity of and the feasibility of 
worldwide cooperation toward common goals. Reflecting the nature of 
the discipline and the psychology of its practitioners, WMO is generally 
recognized to be the most efficient and least political of the UN special- 
ized agencies and is served by an exceptionally capable Secretariat. 
Thus, international activities in the atmosphere can lean upon a unique 
sociological and institutional infrastructure possessed by no other disci- 
pline. 9 

Other factors underlying the success of GARP, however, may be 
more widely applicable to programs in other fields. 

A distinctive feature of GARP was its implementation through a 
novel partnership between an intergovernmental organization, the 
WMO, and a nongovernmental organization, ICSU. Each type of inter- 
national mechanism has distinct assets and liabilities. Governments levy 
taxes, control access to their territories, protect the security and welfare 
of their citizens, and somewhere in the lower reaches of their list of 

of 1-ViP rpcr\nrr<sc f-r\ ciinnnrf K-acif arionra' il- to 



specialized governmental agencies of these nations. Thus, the Food and 
Agriculture Organization's communications channels run primarily 
through the food and agriculture ministries of governments; the WMO 
sees the world through the national meteorological services, and so on. 
A scientific program implemented exclusively through an intergovern- 
mental organization will therefore inevitably be molded by the interests 
of the organization's constituent national bureaucracies. Moreover, the 
members of these bureaucracies will usually play a disproportionate per- 
sonal role in the program. For example, in WMO-organized activities, 
scientists associated with the meteorological services are notably more 
numerous than academics. 

The nongovernmental organizations are to a great extent mirror im- 
ages of their intergovernmental colleagues. Typically, they have slender 
resources and minuscule staffs indeed little physical existence at all. 
Their constituencies, however, cross both national and bureaucratic 
lines. On any particular scientific problem, they can entrain quite di- 
rectly the worldwide network of interested and expert individual scien- 
tists who, in the end, must do the work. For example, the framework of 
the composite observing system for the Global Weather Experiment was 
largely designed by ISCU's Committee on Space Research (COSPAR). 

It is important to recognize that the WMO-ICSU agreement on GARP 
that created the JOC and the JPS essentially created a new international 
organization with interesting, and perhaps unique, capabilities that 
simultaneously combined the assets and minimized the liabilities of the 
two types of organization. Responsible not directly to individual gov- 
ernments, but to organizations representing global constituencies, the 
JOC could define GARP's goals with considerable independence, 
guided primarily by scientific imperatives. Through these scientific 
plans, it could focus the resources of governments as could no private 
club of scientists. However, the JOC could also call on individual scien- 
tists to participate in its work without much regard for their national or 
organizational affiliation. The JOC had a staff and resources that were 
modest on the scale of intergovernmental organizations, but substan- 
tially greater than those enjoyed by typical nongovernmental associa- 
tions. Moreover, the JPS used the efficient infrastructure of the WMO 
Secretariat, while avoiding many of its administrative constraints. This 



model tor the current WJVKJ-lL,bu World Uimate Kesearcn l-Togram 
and its ICSU UNESCO oceanographic component. 

The programmatic setting of GARP was adroitly conceived to pair a 
scientific program of fundamental research justified by rather esoteric 
intellectual concepts with an operationally oriented program of services 
and development assistance that offered short-term practical advan- 
tages to all countries. The linkages between the hoped-for results of the 
research effort and the clearly apparent needs of the operational pro- 
gram were continually made explicit. Indeed, the terminal event of 
GARP will be a conference in 1985 specifically designed to draw from 
the research community the conclusions important for the design of 
future operational weather systems. The linkage between research and 
operational needs, and the parallel linkage between the scientific com- 
munity and governmentally provided resources, promoted a wide- 
spread perception of mutual benefits in the program. Developing na- 
tions, even those with minimal scientific research establishments, could 
readily perceive the benefits of improved weather services. Moreover, 
the existence of a world weather program offered a channel for technical 
assistance and training that was of great appeal. Participating scientists 
saw a means not only of attaining their individual scientific objectives 
and of communicating with their colleagues in other countries, but also 
of legitimizing their own aspirations in the eyes of their nations' research 
establishments. The GARP label on a scientific proposal may not have 
been equivalent to a blank check, but it certainly buttressed strongly the 
efforts of scientists in many countries to obtain resources from their 
governments. 

The most important factor, however, underlying the longevity and 
achievements of GARP was the steadfast maintenance of its scientific in- 
tegrity. Although its genesis was largely political, it rapidly acquired a 
sound scientific basis through the efforts of Jule Charney, Edward 
Lorenz, and many others. An impeccable and widely accepted body of 
scientific research demonstrated unequivocally that improved 
numerical models of the atmosphere and ocean would indeed lead to 
better weather forecasts and enhanced ability to deal with the problems 
of natural and manmade climate variations. The innovative institu- 
tional arrangements set up under WMO and ICSU permitted the clarity 
and sharpness of focus on these objectives to be maintained throughout 
the long life of GARP. The JOC was not only independent in theory, it 



tations were decisively rejected. The JOC decided, for example, that a 
GARP Atlantic Tropical Experiment (GATE) program without a 
satellite would not be meaningful, and by a miracle of leadership and im- 
provisation, the United States came up with a satellite in the nick of 
time. The JOC decided that a global experiment without atmospheric 
soundings in the tropics would not be meaningful, and a patchwork 
quilt of aircraft and ship programs was evolved to replace the neat and 
glamorous technical solution of a carrier balloon system that had failed 
to materialize. A global experiment with only four geostationary 
satellites instead of five could have been organized with far less East- 
West wrangling, but the JOC stuck to its guns and the gap left by delays 
in a Soviet satellite was eventually filled by a U.S. contribution. GARP 
demonstrated that an international scientific program can maintain the 
integrity of its scientific goals over years and decades. 



THE U.S. ROLE 

As the capsule history above indicates, the U.S. role in the develop- 
ment of GARP was crucial in almost every respect. The original impetus 
to the program was provided by U . S . leadership from the very top . Our 
steadfast political support set an example for other countries to keep the 
program going both through the sponsoring international bodies and 
through their own programs. Our physical resources in terms of money, 
technical and logistic capabilities, and scientific talent played a vital 
role. We contributed large sums to the international planning activities; 
we provided unique observing systems such as satellites, aircraft, and 
airborne electronics, and we seconded many scientists to international 
planning activities and field programs. Most significantly, however, the 
intellectual contributions of the U.S. community, which through most 
of the planning period was clearly preeminent in the world, shaped the 
program and lent it the scientific integrity and authority noted above. 
The magnitude of the U.S. contribution is difficult to assess quan- 
titatively, in part because of the intermingling of research and opera- 
tional activities. Over the lifetime of the program, total expenditures by 
all participating countries were probably on the order of $500 million, 
with the U.S. providing about $100 million of that sum. 



BENEFITS TO THE UNITED STATES 

Did the United States accrue benefits commensurate with these 
outlays? The benefits are even more difficult to assess quantitatively 
than are the inputs contributed, but the existence of benefits is not in 
doubt. In common with other nations, we acquired access to unique 
data sets, including not only complete collections of global observa- 
tions, but also specialized data on regional phenomena such as the Asian 
monsoon and the details of air flow over mountain masses. These could 
have been obtained in no other way than through an international col- 
laborative program, for the real estate of the globe is after all managed 
by some hundreds of sovereign nations. Access to that real estate, the at- 
mosphere above it, and the ocean bordering it for the purposes of 
science therefore requires the cooperation of those nations. If our scien- 
tists are to address global geophysical problems at all, they must address 
them in an international context. 

We also obtained ideas from afar and thereby enriched our own na- 
tional scientific life. Although the U.S. scientific community is massive 
and affluent, it has no monopoly on talent and imagination. 
Throughout the history of G ARP, major intellectual contributions were 
made by scientists from other countries. Indeed, for most of the pro- 
gram's life, Sweden and Canada provided the leaders of the JOC, and 
Argentina and Sweden were the chiefs of the multinational JPS . Ideas in- 
itiated in the United States time after time migrated into the international 
planning forums, were reshaped by many hands, and returned in a 
greatly improved form. The international machinery offers an oppor- 
tunity for independent review and improved conceptualization of scien- 
tific ideas that is often difficult to obtain within the political and institu- 
tional framework of an individual country . 

One must recognize also that other countries mobilized through 
GARP contributed very significant resources to the program's im- 
plementation that in total outweighed our own. For example, the Soviet 
Union contributed 10 oceanographic ships to the Global Experiment, 
and we enjoy access to their results. The Air Mass Transformation Ex- 
periment (AMTEX) and the recently concluded Alpine Experiment 
(ALPEX) were primarily led, funded, and implemented by other coun- 
tries. The United States played a minor role in the support of these ef- 
forts, but was able to draw fully on their observational and scientific 



slowly worked a sociological evolution in the oceanographic commu- 
nity. Oceanographers began to think in the larger context long familiar 
to meterologists and developed an increased appetite for and compe- 
tence in cooperative programs. For their part, meteorologists began to 
acquire an understanding of the ocean's challenging complexity. This 
joint understanding was an essential foundation for the development of 
meaningful research on the long-term problems of climate, where ocean 
and atmosphere are inextricably linked. GARP also demonstrated that 
"Big Science" could not only be good science, but moreover could offer 
exciting opportunities and rewards for individual scientists. GARP 
made the organization of subsequent large-scale interdisciplinary pro- 
grams in the environmental sciences infinitely easier. Thus, not only the 
end results of international activities, but also their process benefit the 
participating nations. 

The inertia of an international program, once established, tends to 
lend a highly desirable stability to the contributing programs of in- 
dividual nations. In the United States, for example, a network of in- 
teragency planning offices and agency focal points, each equipped with 
a budget line, gave an enviable stability to GARP-related research over 
better than a decade. GARP served as a flywheel on the often erratic 
engine of government support for atmospheric sciences. 

The international process also gives us a better understanding of the 
real scientific capabilities, limitations, and attitudes of other countries' 
scientific establishments. The value of this understanding is hard to 
quantify, but in a world of competing nations, it must have some worth. 

Finally, GARP really did achieve its objective, the improvement of 
weather forecasts. Operational predictions made by the world's weather 
centers are now genuinely useful out to 5 or 6 days. We the nations 
of the globe took on a job that could only be done in concert, and we 
did it. 



PAST LESSONS AND FUTURE HOPES 

In summary, then, it appears that a number of useful lessons may be 
drawn from the GARP experience. First of all, it demonstrated that 
science in an international setting can do a number of unique and 
valuable thiners not readilv achievable through other mprhanisms of the 



benefits to the participating countries. 

It seems that three prerequisites must obtain for a successful interna- 
tional scientific program: 

1. There must be a strong political support by the participating 
governments that must legitimize the program and provide its resources. 
This support can be mobilized only on the basis of a commonality of 
political objectives and a shared perception of benefits. The objectives 
and structure of international programs must be carefully tailored to 
enlist this support. 

2. There must be an adequate infrastructure of institutions, 
communities, networks, and interests that allows access to both the 
governmental and nongovernmental scientific communities. Such an 
infrastructure can best be based on existing, successful structures that 
have well-established constituencies and well-supported ongoing ac- 
tivities. However, specialized ad hoc hybrid arrangements that provide 
considerable scientific sovereignty have great advantages. 

3 . Above all, there must be valid scientific goals, recognized and sup- 
ported by all participating countries and scientific constituencies. A pro- 
gram pursued only for political or institutional ends will in the end 
achieve no ends at all. 

Could a program such as GARP evolve in present circumstances and 
carry on with comparable success into the twenty-first century? One 
must admit that many circumstances today are far different from those 
of the 1960s. International cooperation is no longer a novelty. Indeed, 
our problem may be to use more effectively the international linkages 
we have rather than to create new ones. Technology is now all- 
pervasive, and our greatest problem is the unglamorous maintenance of 
what we have rather than the launching of daring new ventures. The 
parameters of our relationships with the Soviet Union and its allies are 
much better defined now than in the 1960s. Again, the problem is one of 
prudent management and maintenance rather than trailblazing. 

Thus, more than ever before, international programs pursued solely 
for the purpose of doing something international seem both sterile and 
redundant. Nevertheless, the potential benefits of international ac- 
tivities to the United States remain great. The challenge for the future, 
then, is to identify clearly and to define rigorously those scientific prob- 
lems whose resolution will inescanablv denend on rtryani7prl 
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resources of our finite globe, more and more such problems will un- 
doubtedly emerge and will not only benefit from, but indeed will de- 
mand coordinated attention by the scientific communities of all 
countries. For the United States, the type of international cooperative 
activity exemplified by GARP may prove to be an indispensable tool 
for our own survival. 
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Deep Sea Drilling 

The International Phase 



G. Ross Heath 



The International Phase of Ocean Drilling (IPOD) is a cooperative 
program of the United States, France, the Federal Republic of Germany, 
Japan, and the United Kingdom to investigate the geology and 
geophysics of the deep ocean basins by means of advanced drilling 
technology. The field studies have been carried out from a specially 
configured drilling ship, the Glomar Challenger, owned and operated 
by Global Marine, Inc., under contract to Scripps Institution of 
Oceanography of the University of California, San Diego. 

This review focuses on the development of the drilling program and 
its international aspects. The scientific results are well documented in 
the Initial Reports of the Deep Sea Drilling Project and in the scientific 
literature. 

HISTORY OF THE PROGRAM 

Development of a U.S. Drilling Program 

Van Andel (1968) has reviewed the history of ocean drilling prior to 
the launching of Challenger. The first part of this section draws heavily 
on his review. 
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for the use of anchors. Project Mohole then foundered as the estimated 
costs to construct the large, self-propelled platform required to meet the 
goal of drilling through the earth's crust to sample the mantle rose to 
unacceptable levels. 

At the same time, however, marine geologists interested in sampling 
only the sediments and the surface of volcanic basement realized that 
the use of existing drilling equipment and techniques on a relatively 
mobile ship could meet their needs. Even a relatively modest program 
was beyond the capability of any one oceanographic institution at that 
time, however, so some form of multiinstitutional management was 
required. 

The first such organization, created in 1962, was the LOCO ("long 
core") committee made up of two representatives each from the In- 
stitute of Marine Sciences of the University of Miami, Lament 
Geological Observatory of Columbia University, Princeton University, 
Scripps Institution of Oceanography of the University of California, 
and Woods Hole Oceanographic Institution. This committee could not 
agree on the charter for a nonprofit corporation to manage a drilling 
program. Lament, Woods Hole, and Scripps then formed such a cor- 
poration (CORE), which submitted a proposal for a drilling program. 
LOCO did not endorse their proposal, which was not funded. Both 
LOCO and CORE then faded away. 

In 1964, scientists from Miami, Lamont, Woods Hole, and Scripps 
signed a formal agreement creating JOIDES (Joint Oceanographic Insti- 
tutions for Deep Earth Sampling) to plan and propose drilling pro- 
grams, and to designate one of its members to act as operating institu- 
tion and to be responsible to the funding agency for management. This 
structure was tested in 1965 when Lamont successfully managed a drill- 
ing program on the Blake Plateau, off the southeastern United States, 
which made use of the D/V Caldrill. 

In January 1967, Scripps, as the operating institution for JOIDES, 
signed a contract with NSF to manage the first 18 months of the Deep 
Sea Drilling Project (DSDP). The D/V Glomar Challenger was built 
especially for this task and began operations in mid-1968. Subsequent 
extensions and renewals of the Scripps-NSF contract kept Challenger at 
sea until the fall of 1983, when this phase of ocean drilling came to an 
end. 



over me years, major cnanges in support ana scienunc oversigm nave 
occurred. From the U.S. side, six additional institutional members have 
been added to the original JOIDES four: the University of Washington 
in 1968, the University of Hawaii, Oregon State University, the Univer- 
sity of Rhode Island, and Texas A&M University in 1975, and the 
University of Texas at Austin in 1982. In addition, in 1976, the U.S. in- 
stitutions formed JOI (Joint Oceanographic Institutions, Inc.), a non- 
profit corporation. JOI took over from Scripps the management of the 
JOIDES scientific advisory structure in 1978 and U.S. site surveys in 
1978, thereby resolving a potential conflict of interest between Scripps' 
role as both the science operator and the contractor responsible for the 
scientific advice to the operator. 

It is clear that the development of the U.S. drilling program was 
marked by false starts and years of complex negotiations. Even though 
the scientific goals were widely accepted and the technology was within 
reach, the self-education of a research community not used to large- 
scale cooperative research, and the resolution of difficulties introduced 
by a number of strong personalities at the various institutions took 
years to achieve. It is doubtful whether the level of cooperation re- 
quired to launch the DSDP could have been achieved simultaneously at 
both the national and international levels. 

The International Phase of Ocean Drilling 

From the very beginning of the DSDP, JOIDES has drawn heavily on 
the non-U.S. scientific community to participate in the advisory panel 
discussions that determined the drilling targets. Likewise, non-U.S. 
participants were prominent in most shipboard scientific parties; for 
legs 1 through 44 (the U.S. -funded phase of the program) from 1968 to 
1975, 141 of 448 shipboard scientists (more than 30 percent) were from 
other countries. 

Thus, by the early 1970s a large community of marine earth scientists 
from 15 countries outside the United States was well aware of the scien- 
tific value of the DSDP, the way it operated and was managed, and the 
nature of its support. 

When it became clear that the United States would have difficulty in 
providing full funding for the program beyond 1975, these non-U.S. 
scientists formed a series of knowledgeable pools of expertise able to ad- 



USSR . The Soviet participation in JOIDES was formalized by the 
1972 U.S. -USSR World Ocean Agreement and Science and Technology 
Agreement, signed during the Nixon-Kissinger visit to Moscow in 1972. 
Discussions and letters during the latter part of 1972 and during 1973 led 
to the signing of a formal Memorandum of Understanding between NSF 
and the USSR Academy of Sciences in February 1974. The Memoran- 
dum, effective January 1, 1974, was for a period of 5 years and was 
renewed for 9 months (plus close-out costs for FY 1980) in 1979. Subse- 
quent Soviet participation in the program was inhibited by restrictions 
imposed by the Carter administration following the invasion of 
Afghanistan and was finally terminated by the Reagan administration's 
1982 decision not to renew the U.S. -USSR Science and Technology 
Agreement. 

Federal Republic of Germany (FRG) . Negotiations between NSF 
and its FRG counterpart, the Deutsche Forschungsgemeinschaft (DFG), 
led to the signing of a 2-year Memorandum of Understanding in July 
1974. The Memorandum, effective January 1, 1974, designated the 
Bundesanstalt fur Geowissenschaf ten und Rohstoffe (BGR) as the FRG 
member of JOIDES . The following 3-year Memorandum was signed by 
the BGR and has been renewed by amendment for three additional 
2-year periods. 

Japan . In June 1975 NSF signed a Memorandum of Understanding 
with the Ocean Research Institute (ORI) of the University of Tokyo, by 
which Japan became a member of JOIDES in August 1975. The initial 
Memorandum was open ended. A new Memorandum for 1979-1980 
was signed when the contribution was increased. This has subsequently 
been extended by amendment for two additional 2-year periods. Even 
though ORI is the official Japanese signatory, the funding agency 
(MONBUSHO) has been an attentive observer during the NSF-ORI 
negotiations. 

United Kingdom. Following the signing of a Memorandum of Un- 
derstanding between NSF and the Natural Environmental Research 
Council (NERC) in September 1975, the United Kingdom became a 
member of JOIDES on October 1, 1975. The initial Memorandum 
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(CNEXO). The initial 3-year Memorandum has been extended by three 
amendments that parallel the FRG and U.K. agreements. 

Each of the Memorandums provided the non-U.S. signatory with a 
number of benefits: membership in the JOIDES Executive and Planning 
Committees, participation in JOIDES advisory committees, the desig- 
nation of shipboard scientists, and full access to data and samples. In re- 
turn, the United States has received annual contributions, initially of $1 
million per country per year, increasing to $1.25 million in 1980-1981 
and to $2 million per year in 1982-1983. 

DISCUSSION 

There is virtually unanimous agreement that the DSDP-IPOD drilling 
program has been an outstanding scientific success. The strong endorse- 
ment by the community and National Science Board of a new Ocean 
Drilling Program, to make use of a larger ship, is a measure of this suc- 
cess. The willingness of non-U.S. JOIDES members to speak in favor of 
the program and to contribute to IPOD (roughly $50.6 million of $220.6 
million through FY 1983) has certainly enhanced the credibility of the 
scientific arguments. 

Benefits 

IPOD has allowed the United States access to the best scientists and 
ideas in the member countries. Background scientific syntheses, site 
surveys using geophysical techniques not available in U.S. 
oceanographic institutions, and postcruise analyses of core material, all 
at no cost to the project, have greatly augmented U.S. contributions 
and have led to more effective use of the drilling ship. Less tangible, but 
no less valuable, are the personal relationships developed at sea and 
ashore between U.S. and non-U.S. scientific participants. These con- 
tacts have led to innumerable sabbaticals and study leaves with their in- 
evitable intellectual synergism. 

The non-U.S. participants, on the other hand, have gained access to a 
state-of-the-art scientific tool that they could have afforded with great 
difficulty, if at all, on their own. They have been able to propose scien- 
tific targets and see them drilled as easily as have their U.S. colleagues. 
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from the five partner countries had participated in 44 legs, an average of 
1.4 per leg. Subsequently, 272 scientists have participated in legs 45 to 
91, for an average of 5.8 per leg. Not only has this created a large pool of 
earth scientists favorably inclined to international cooperation, but it 
has also fostered a level of internal cooperation within member coun- 
tries that did not exist before. 



Costs 

The formal obligations recognized in the Memorandums of Under- 
standing have resulted in some dampening of the less formal modus 
operandi of the U.S. -only drilling program. "Targets of opportunity" 
(often indistinguishable from personal projects of chief scientists or 
panel chairmen) are drilled much less frequently now than they were 
early in the program. To some extent, such formalization of the plan- 
ning process was inevitable as the program matured, but the creation of 
IPOD accelerated the process. Whether this is good or bad is debatable! 

A clear victim of IPOD has been the community of interested scien- 
tists whose countries could not afford, or did not choose, to pay the en- 
try price to IPOD. Prior to IPOD (legs 1-44), 78 scientists from such 
countries sailed on Challenger (1.8 per leg) . Subsequently, for legs 45 to 
91, the number has dropped to 32 (0. 7 per leg) . One can argue that this is 
fair those who pay should benefit. The opposite argument that a 
scientific community as small as marine geology and geophysics cannot 
afford to exclude so many of its peers has equal merit. The formation 
of consortia to participate in the new Ocean Drilling Program and the 
availability of more scientific berths on Challenger's replacement 
should alleviate this problem in the future. 



Why IPOD? 

Even though the scientific benefits of international cooperation have 
been substantial, it is clear that IPOD came into existence primarily be- 
cause the U.S. program faced serious funding problems. Whether, in 



Adequacy or Agreements 

The creation of IPOD through a series of bilateral agreements, rather 
than a multilateral agreement or treaty, has proven to be remarkably 
successful. For example: 

It has allowed for the Soviet dropout with minimal disadvantage 
for the other partners. 

It has allowed wording in individual Memorandums to be tailored 
to home audiences (for improved salability) without compromising the 
basic scientific and organizational goals. 

It has allowed NSF to deal with an extremely diverse suite of organi- 
zations. For comparison, the equivalent diversity within the United 
States would require an organization to negotiate bilaterals with the Na- 
tional Science Foundation (the analog of DFG and NERC), the National 
Oceanic and Atmospheric Administration (the analog of CNEXO), the 
U.S. Geological Survey (the analog of BGR), the National Academy of 
Sciences (the analog of the USSR Academy), and a research institute at a 
major university (the analog of ORI, at the University of Tokyo). 

It has allowed NSF to deal with the vicissitudes of each country's 
national budget cycle on a case-by-case basis. 

And, perhaps most importantly, it has kept active scientists on 
both sides very close to the negotiations. As a result, virtually all U.S. 
and non-U.S. scientists perceive that IPOD works for them, rather than 
the reverse. 

There is little doubt that NSF's job would be easier if all bilaterals were 
identical, particularly with regard to funding cycles. The lack of such 
uniformity seems a small price to pay for a productive program, 
however. 

Operational and Scientific Interactions 

The Memorandums of Understanding created a legal framework for 
IPOD, but the successful execution of the program has depended largely 
on JOIDES. Several factors account for JOIDES's remarkable success. 



1. The basic structure is sound. The hierarchy of problem-oriented 
panels reporting to a Planning Committee of exDerienrpd 
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3. Both U.S. and non-U.S. members have consistently sent senior 
scientific administrators to Executive Committee meetings. These in- 
dividuals have had the authority to make major commitments on behalf 
of their institutions and countries. They have been able to resolve many 
policy issues without having to seek approval from their parent 
organizations. The long tenure of several key Executive Committee 
members, notably Jacques Debyser from France and Nori Nasu from 
Japan, have given the committee a corporate memory and developed a 
level of mutual trust among its members that have allowed it to resolve 
nationally sensitive issues expeditiously and without rancor. The 
creative tension between the more conservative Executive Committee 
and the less inhibited Planning Committee has been particularly useful 
in exposing all aspects of many thorny problems to vigorous debate. 

THE FUTURE 

The proposed new Ocean Drilling Program (ODP), a 10-year plan for 
scientific ocean drilling from a larger and more sophisticated ship, will 
again require international support for its long-term success. The United 
States is planning to fund the preparation of the ship over a 1-year 
hiatus in drilling during FY 1984 and probably can fund the initiation of 
drilling in FY 1985. During this initial period, NSF will have to move 
rapidly to negotiate bilaterals, not only with the four currently active 
IPOD partners, but with one or two new members (perhaps consortia). 
The long-term U.S. commitment, in principle, to the ODP, which never 
existed for IPOD, should facilitate international agreements. 

CONCLUSION 

The creation of IPOD was enormously simplified by the existence of a 
successful drilling program (DSDP). This allowed non-U.S. members to 
"buy into" a technically proven and scientifically productive program 
with minimal risk. The existence of a large community of interested, 
knowledgeable scientists in each prospective member country provided 
the funding agencies with a ready source of information on the value of 
the program. Finally, in the case of the USSR, the existence of very- 
high-level diplomatic agreements on marine science provided an um- 
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however, that the removal of such umbrellas can be as destructive to 
scientific cooperation at the operational level as their creation is 
constructive. 

The creation of IPOD may have been possible in the absence of either 
an established U.S. program or strong national scientific lobbies. It 
would almost certainly have been impossible in the absence of both. 
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GUIDELINES FOR RECOMBINANT DNA RESEARCH 

Guidelines of the National Institutes of Health (NIH) 

Recombinant DNA is a technique that allows deoxyribonucleic acid 
(DNA) from different organisms to be joined together in the test tube 
and subsequently propagated in a living cell. 

Participants at a Gordon Conference on Nucleic Acids in July 1973 
sent a letter to the U.S. National Academy of Sciences (NAS) asking the 
academy to establish a study committee to consider the problems posed 
by recombinant DNA research and to recommend specific actions or 
guidelines. This letter appeared in Science in July 1973. x 

The NAS formed a Committee on Recombinant DNA Molecules that 
issued a report that was published in several journals in 1974. 2 The re- 
port requested that: 

1. certain experiments be voluntarily deferred; 

2. plans to construct recombinants with animal DNAs be carefully 
weighed; 



b. develop procedures to minimize the spread of recombi- 
nant DNA molecules, 

c. recommend guidelines to be followed by investigators; and 
4. an international meeting be convened to review progress and 

discuss ways to deal with potential hazards. 

The international conference took place at the Asilomar Conference 
Center in California in February 1975. 3 The conference concluded that 
most recombinant DNA experiments should proceed, provided that ap- 
propriate biological and physical containment is utilized. The con- 
ference report made general recommendations for matching levels of 
containment with levels of hypothetical hazard for various types of ex- 
periments. The NIH was then called upon to translate the broadly based 
Asilomar recommendations into detailed guidelines for research. 

The NIH established the Recombinant DNA Advisory Committee 
(RAC) in response to the request of the National Academy of Sciences. 
The committee held its first meeting the day after the Asilomar con- 
ference, followed by a series of meetings during 1975 and in early 1976. 
The original NIH Guidelines were issued on June 23, 1976, and pub- 
lished in the Federal Register on July 7, 1976. 4 The guidelines specify 
safeguards to be utilized in the course of experiments; these safeguards 
are provided by different levels of physical and biological containment. 
Physical containment relies upon: 

a set of standard laboratory practices 

special procedures, equipment and laboratory installations that 
provide physical barriers 

Physical containment is divided into four levels, designated Pi, P2, 
P3, and P4, with Pi the lowest level and P4 the highest. 

The guidelines specify three levels of biological containment. The 
goals of biological containment are to: 

minimize the survival of recombinant DNA in the host organism 
outside the laboratory, 

minimize the transmission of recombinant DNA from the 
laboratory to other nonlaboratory hosts. 

Having described levels of containment, the guidelines then specify 
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isms" was presented to Parliament in the United Kingdom. The Working 
Party was charged with making an assessment of the potential benefits 
and potential hazards of techniques that allow manipulation of the 
genetic composition of microorganisms. This group was not charged 
with preparing a code of practice. This report, also known as the Ashby 
Report, after the group's chairman, Lord Ashby, concluded in part: 

"... After careful questioning of experts in the field, we are convinced that the haz- 
ards are less serious than some of us first thought, and we are satisfied that there are 
ways to reduce them to levels far lower than other hazards which the public cur- 
rently accepts without question. 

In August 1976 the "Report of the Working Party on the Practice of 
Genetic Manipulation," also known as the Williams Report, was 
presented to Parliament. The Working Party in this instance was ap- 
pointed to follow up the recommendations of the Ashby Report, and, in 
particular, to draft a code of practice, and to make recommendations on 
the establishment of a central advisory body. The report concluded that 
work in this field should be carried out under appropriate containment 
conditions, and it categorized experiments. 

The Williams Report differed from the NIH Guidelines in several 
ways. It differed in technical details, such as the description of physical 
containment levels. The Williams Report placed greater emphasis on 
physical containment rather than biological containment. It also dif- 
fered in administrative procedures for implementation. 

The Williams Report favored a flexible approach to containment and 
considered that this could best be provided by requiring investigators to 
submit experimental protocols to a central advisory group, the Genetic 
Manipulation Advisory Group (GMAG), for advice on appropriate 
safety precautions, rather than by imposing rigid guidelines. In other 
words, the GMAG would decide the precise containment levels for 
specific experiments, and the categorization of experiments in the 
Williams Report was intended as a guide to assist the initial deliberations 
of the GMAG. It was envisioned that the GMAG decisions would 
quickly build up into a body of case law. 

Efforts at Harmonization of Guidelines 

European Molecular Biology Organization. The European 



tion located in Heidelberg, rederal Republic ot Germany, established a 
Standing Advisory Committee on Recombinant DNA. In September 
1976, that committee held its second meeting to consider the NIH 
Guidelines and the Williams Report, to compare their technical recom- 
mendations and to comment on their suitability as a basis for a common 
policy toward recombinant DNA research in Europe. The EMBO com- 
mittee noted that the standards of physical containment recommended 
by the Williams Report were generally more stringent than those recom- 
mended by the NIH, while in the NIH Guidelines, systems of biological 
containment received heavier emphasis. 

The EMBO committee recommended the establishment of national 
advisory groups and that these groups be responsible for specifying con- 
tainment levels for experiments. The committee recommended that 
both the NIH Guidelines and the Williams Report offer adequate 
safeguards against conjectural hazards and that containment procedures 
for each particular experiment might be those proposed in the NIH 
Guidelines or those in the Williams Report. 

European Science Foundation. The European Science Foundation 
(ESF) is an international nongovernmental organization, founded in 
1974, with its seat in Strasbourg, France. Members are academies and 
research councils that are responsible for supporting scientific research 
at a national level and are funded largely from government sources. 

In October 1976 an ESF Ad Hoc Committee on Recombinant DNA 
Research made a series of recommendations. It recommended that, in- 
itially, the recommendations and code of practice in the U.K. "Report of 
the Working Party on the Practice of Genetic Manipulation" be adopted 
as the guidelines in Europe. It recommended that national advisory 
bodies with responsibilities for interpreting the recommendations and 
code of practice should be established in the European countries. Its final 
recommendation was the establishment of an ESF Liaison Committee 
for Recombinant DNA Research composed of representatives of the na- 
tional committees to provide an opportunity for mutual information, 
consultation, and advice on general policy for recombinant DNA 
research and for the discussion of decisions on specific experiments. One 
of the primary purposes of the committee was to attempt to ensure that 
the same levels of containment were used in the different countries for 
the same categories of experiments, so that the same experiments were 



Organizations with representatives on the committee were the Euro- 
pean Economic Community, the European Medical Research Councils, 
and the European Molecular Biology Organization. 

The ESF Liaison Committee met six times during the period from 
March 1977 to January 1981. Scientific aspects considered by the com- 
mittee included host-vector systems authorized for recombinant DNA 
experiments, availability of physical containment facilities, risk- 
assessment experiments, and containment levels set for particular ex- 
periments. Policy issues considered by the committee included informa- 
tion on national guidelines, the status and terms of reference of national 
advisory committees, patent law, national legislation, personal respon- 
sibility for laboratory safety, and responsibility in case of accidents. 

The NIH very much wished to see comparable, although not neces- 
sarily identical, guidelines adopted by the major countries conducting 
recombinant DNA research. This was particularly true because 
recombinant DNA technology posed conjectured hazards as opposed to 
known hazards in other fields, such as the handling of pathogenic 
organisms. Significant differences in the stringency of national 
guidelines could lead to displacements in which scientists would conduct 
their work in countries with more lenient guidelines. This would be par- 
ticularly true if there were cases in which some countries required the use 
of high-containment laboratories for a particular experiment, while 
other countries set containment for the same experiment at a lower level. 
High-containment facilities are scarce. In the United States, there have 
been only one or two high-containment (P4) laboratories available for 
the conduct of recombinant DNA experiments. 

Although the conclusions and recommendations of the ESF Liaison 
Committee were not binding on any of its members, the committee 
greatly facilitated comparability in several areas. One area was in the 
categorization of experiments. Representatives of the national advisory 
committees exchanged information on new host-vector systems being 
approved and on containment levels being assigned for specific ex- 
periments. Initially, members were particularly interested in decisions 
being made by the two major committees, the U.K. GMAG and the NIH 
RAC. This information influenced decisions that would later be made 
by the other national committees throughout Europe. 

Another area that the committee facilitated was the worldwide revi- 
sion of guidelines. AoDroximatelv 2 l /2 vears passed between the issuance 



tiveness of physical and biological containment and on the biology of 
the hosts and vectors utilized in the research. During this period, a series 
of scientific and public meetings demonstrated the existence of a consen- 
sus that the NIH Guidelines were overly restrictive. Subsequent major 
revisions of the guidelines were issued in January and November 1980, 
July 1981, April and August 1982, and June 1983. 6 ~ n These revisions 
resulted in significant reductions in the stringency of required contain- 
ment levels. The revisions were justified by the results of risk-assessment 
studies, by reassessment of the conjectured hazards, and by the con- 
fidence instilled by the safe conduct of thousands of experiments. As 
these revisions were under consideration in the United States, detailed 
information on them and their justification was shared with members of 
the ESF committee, and this information influenced decisions on revi- 
sion of national guidelines by the various countries. 

The original ESF Ad Hoc Committee on Recombinant DNA Research 
had recommended that initially the recommendations and code of prac- 
tice in the U.K. Report of the Working Party on Genetic Manipulation 
be adopted as the guidelines for recombinant DNA research in Europe. 
However, as time passed, more and more of the European countries 
found it more desirable to adopt the evolving NIH Guidelines rather 
than to rely on a complicated case law approach. Several of the Euro- 
pean countries decided to follow directly the NIH Guidelines as pub- 
lished in the Federal Register, without translation. Other countries 
drafted national guidelines modeled on those of the NIH or the United 
Kingdom. As a result, similar safety standards were in effect in all the 
countries represented on the ESF Liaison Committee. 

The following paragraph appeared in a statement adopted after this 
committee's fifth meeting: 

Based on its discussions of principles and case decisions taken by national recombi- 
nant DNA committees, the Liaison Committee concluded that throughout Europe 
and in North America national guidelines provide comparable degrees of protec- 
tion to the public and to laboratory staff from the entirely conjectural hazards of this 
research, while at the same time progressively facilitating the opportunities for Euro- 
pean academic and industrial laboratories to exploit the now evident benefits of this 
technique. 

After its final meeting, the committee issued, in part, the following 
statement: 



Liaison Committee to be disbanded. Although the national guidelines of some coun- 
tries are still evolving towards the position already reached by others, the Commit- 
tee believes that there is no further need for formal and regular liaison at the ESF be- 
tween representatives of national recombinant DNA committees. 

Through participation in the ESF Liaison Committee, the United 
States was able to play a significant role in promoting comparable safety 
guidelines for recombinant DNA research. The costs to it were very 
small, amounting to those of sending a representative of the NIH to six 
meetings in Strasbourg. 

Committee on Genetic Experimentation (COGENE) . The Commit- 
tee on Genetic Experimentation (COGENE) is a scientific committee of 
the International Council of Scientific Unions (ICSU). ICSU is an inter- 
national nongovernmental scientific organization of 18 autonomous in- 
ternational scientific unions and more than 60 national members, i.e., 
academies of science, research councils, or similar scientific institutions. 
COGENE, formed in 1977, has among its purposes the following: 

1. review, evaluate, and make available information on the practical 
and scientific benefits, safeguards, containment facilities, and other 
technical matters; 

2. consider environmental, health-related, and other consequences 
of any disposal of biological agents constructed by recombinant DNA 
techniques; 

3. foster opportunities for training and international exchange; and 

4. provide a forum through which interested national, regional and 
other international bodies may communicate. 

COGENE initially established three working groups in the areas of 
guidelines for research on recombinant DNA, risk-assessment experi- 
ments, and training and education. 

The Working Group on Recombinant DNA Guidelines was estab- 
lished in May 1977. It was charged with the responsibility of: (1) obtain- 
ing information about the status and content of recombinant DNA 
guidelines in different nations, and (2) analyzing, comparing, and 
evaluating the provisions of the various national guidelines and the 
premises on which these provisions were based . 

The Working Group proceeded by distributing a questionnaire to 
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report to COGENE in March 1979. Because of changes that had oc- 
curred in the status or content of the guidelines of a number of nations, 
the Working Group issued a draft report rather than a formal document. 
The information indicated that at the end of March 1978, approx- 
imately 365 recombinant DNA projects were estimated to be under way 
in 180 laboratories in 20 countries. Twenty nations had drawn up 
guidelines for recombinant DNA experimentation. Of these, five had 
developed their own guidelines, while the remainder adopted or 
modified guidelines of the United States or the United Kingdom. The 
Working Group issued an updated report in 1980 to take into account 
revisions of the various national guidelines. 

U.S.-JAPAN COOPERATIVE PROGRAM FOR 
RECOMBINANT DNA RESEARCH 

The basis for the U.S. -Japan Cooperative Program for Recombinant 
DNA Research is the U.S. -Japan Agreement for Cooperation in 
Research and Development in Science and Technology signed by Presi- 
dent Carter and Prime Minister Ohira in May 1980. Recombinant DNA 
is one of many areas of mutual interest that was included. The first 
meeting of the program was convened in February 1981 to exchange in- 
formation on national guidelines, host-vector systems, and risk- 
assessment considerations. At that meeting, it was agreed that there 
would be a Japanese liaison representative to the NIH RAC. As a liaison 
representative, the Japanese representative would receive all materials 
distributed to voting members of the RAC, as well as minutes of 
meetings and other mailings. 

Guidelines for recombinant DNA research had been developed by the 
Science Council of the Japanese Ministry of Education in November 
1978 and promulgated in March 1979. The first Japanese guidelines were 
similar to the original 1976 NIH Guidelines. As mentioned earlier, the 
first revision of the NIH Guidelines, accompanied by some significant 
changes in containment requirements, was issued in December 1978. 5 
The Japanese had adopted as their first guidelines standards that were 
more stringent than those in effect in the United States. The Japanese 
government appointed a committee to review the 1979 guidelines in light 
of developments that were taking place in the United States. As part of 



parable to the then current NIH Guidelines, were issued. 

ORGANIZATION FOR ECONOMIC COOPERATION AND 
DEVELOPMENT (OECD) 

Following a recommendation in an OECD report, "Biotechnology- 
International Trends and Perspectives," the OECD Committee for 
Scientific and Technological Policy requested OECD staff to undertake 
a study on the problems of safety and regulations in biotechnology. The 
purpose of the study is to provide governments with an analysis of the 
safety problems that may arise from the developments of biotechnol- 
ogy, especially in large-scale industrial applications, and of the implica- 
tions these would have for regulatory and other government policies. As 
a preliminary step in the preparation of the study, OECD staff prepared 
a paper that attempted to identify the relevant problems at the different 
levels of research, of industrial production, and of application in the 
open environment. 

The OECD held a meeting in December 1982 to discuss how such a 
study should be conducted. A representative of NIH chaired the 
meeting, the purpose of which was to assist OECD staff to review the 
main issues related to safety and regulations, to identify particular risks 
and/or problems related to research and production, and to suggest a 
priority order of activities OECD should consider. 

The Committee for Scientific and Technological Policy in June 1983 
agreed to establish a group of government experts on safety and regula- 
tions in biotechnology. The group is charged with reviewing country 
positions as to the safety of genetically engineered organisms at the in- 
dustrial, agricultural, and environmental levels against the background 
of existing or planned legislation and regulations for the handling of 
microorganisms. 

In particular, the group is being asked to identify what criteria have 
been or may be adopted for the monitoring or authorization for produc- 
tion and use of genetically engineered organisms in industry, agricul- 
ture, and the environment. It is being asked to explore possible ways and 
means for monitoring future production and use of genetically engi- 
neered organisms in industry, agriculture, and the environment. 

The group, which held its first meeting in December 1983, is to com- 
plete a report before June 1985. The United States, with the Environmen- 
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for assembling information on guidelines and regulations governing 
release into the environment of genetically engineered organisms. The 
Netherlands has agreed to be responsible for reviewing guidelines and 
regulations for large-scale applications. The OECD views this work as a 
step toward better international harmonization of guidelines, codes 
of practice, and/ or regulations. 

CONCLUSIONS 

The United States has had from the beginning the largest number of 
scientific investigators involved in recombinant DNA technology. U.S. 
scientists first raised concerns about the hypothetical hazards of the new 
technology. The NIH adopted a completely open process for the safety 
guidelines, one that was watched closely by the rest of the world. 
Because of the openness of this process, as opposed to that of the 
GMAG, which meets in closed session, the NIH Guidelines were 
scrutinized carefully by other countries. The NIH felt a responsibility to 
encourage the adoption of similar, although not necessarily identical, 
guidelines throughout the world. This would ensure that scientific, and 
particularly biomedical, research would proceed with minimal con- 
straints consistent with the current assessment of the hazard. One aspect 
of this is the free exchange of scientific materials among investigators 
throughout the world. 

The costs to the United States for this cooperation have been rela- 
tively small. To costs associated with attendance at meetings there 
should be added the expenses of preparing the public record of NIH deci- 
sion making, which is documented in a seven-volume series entitled Re- 
combinant DNA Research, published by NIH. 

As recombinant DNA technology reaches the stage of being applied, 
second-generation problems will arise, such as the release of genetically 
engineered organisms into the environment and the ethical and social is- 
sues of human gene therapy. The NIH hopes to continue to play a role in 
the discussion of these new issues. NIH participation in the OECD study 
on safety and regulations in biotechnology is one such example. 
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Discussion 



Workshop participants discussed a variety of examples of successful 
multilateral S&T cooperation. It was pointed out that the Global At- 
mospheric Research Project (GARP) is one of the most successful 
international programs in geophysics ever undertaken. GARP arose 
out of unique political and scientific circumstances in the early 1960s, 
and control of the project was dominated by a small number of 
developed countries, led by their weather services. It not only 
demonstrated the possibilities for international cooperation, but it also 
brought together in new ways the scientific disciplines of 
oceanography and meteorology. It provided proof that it was possible 
to conduct practical field programs in special environments with inter- 
national scientific teams, and this set the stage for further work. 

Some of the elements of GARP's success may be transferable to 
other types of S&T cooperation. First, the program managed to 
preserve its scientific integrity throughout its lifetime. There was never 
any question that critical decisions were made primarily on the basis of 
science, although the political support the project received from suc- 
cessive U.S. presidents also was important. Second, there was a 
carefully designed institutional arrangement, involving both WMO 
and ICSU, and an independently funded joint planning staff along 



organizations and preserving the integrity and efficiency of the 
project. 

A second cooperative multilateral model discussed was the Interna- 
tional Phase of Ocean Drilling (IPOD), which grew out of extensive 
prior international cooperation in oceanography that originated with 
the International Geophysical Year (IGY). These early activities in- 
volved the coordination of activities and some sharing of facilities, but 
very little exchange or sharing of financial resources. The actual inter- 
nationalization of the drilling effort occurred when funding problems 
within the United States caused a reorganization of the project, even- 
tually leading to participation in the form of $1 million contributions 
by West Germany, Japan, France, and the United Kingdom. Subse- 
quently, the Soviet Union also became a participant as a result of a 
bilateral S&T agreement signed with the United States in 1972. 

Several features facilitated the quick and effective establishment of 
IPOD. The first was that the non-U.S. members were "buying in" to an 
extant U.S. program with an established calendar of activities and 
broad-based advisory structure in place. In addition, a large number of 
foreign nationals had sailed aboard the drilling vessel during the U.S. 
phase, so that by the advent of the IPOD, the international ocean- 
ographic community was highly knowledgeable. Second, government- 
to-government discussions were buttressed by an influential scientific 
lobby who knew that the program worked. Third, NSF was able to deal 
flexibly in developing the necessary bilateral agreements with both 
"pure science" and "mission-oriented" agencies and a strong scientific 
advisory network also was developed independent of the formal 
bilateral agreements. 

Although the structure has worked, there also have been problems. 
For one thing, Soviet participation in the joint project was terminated in 
the wake of its invasion of Afghanistan, purely on the basis of political 
exigencies, without a compensating increase in the contributions of 
other IPOD participants. Second, the U.S. commitment has been 
perceived as being of a short-term, political nature, which has caused 
some irritation in the other countries. Third, U.S. resources have gone 
disproportionately to the logistical side of the operation (i.e., to keep the 
ship at sea) as opposed to the science, a situation that was not true of 
other IPOD members. 

The situation at present is that the current international arrangement 



It may be necessary, therefore, ror a new mechanism to be created. 

A third type of multilateral cooperative effort discussed in the work- 
shop, the development of recombinant DNA guidelines, was of a some- 
what different nature; it concerned cooperation for the purposes of reg- 
ulation rather than to achieve new scientific progress. The issue arose as 
a result of parallel efforts during 1976 in the United States, the United 
Kingdom, and elsewhere in Europe to develop safety guidelines for the 
conduct of rDNA research. Establishment of standards involving public 
health considerations is a complex and politically charged undertaking 
under any circumstances, but the effort to develop uniform national 
policies is- even more difficult. In this case, the proposed British 
guidelines were more flexible than those proposed by the NIH. In Oc- 
tober 1976, the European Science Foundation (ESF) convened a work- 
shop on DNA research that recommended that the member countries 
adopt the British code of practice. 

The ESF also recommended that there be established a liaison commit- 
tee composed of representatives of the different national committees in- 
tended to promote the exchange of information and consultation on 
policies and procedures. Seventeen countries, including the United 
States and Canada, were represented on this committee which met six 
times between 1977 and 1981. Partially as a result of the consultation, 
the U.S. guidelines underwent a process of revision that led to a signifi- 
cant reduction in the stringency of required containment levels. 
Moreover, as time passed, a number of the European countries found it 
more desirable to adopt the NIH guidelines rather than those of the 
British. 

Since 1980, there has also been a cooperative U.S. -Japan program on 
DNA research. The Japanese issued their first DNA research guidelines, 
which were quite similar to the 1976 NIH guidelines, in 1979. These were 
revised subsequently and a new set of guidelines issued in August 1982. 
There also have been a series of four successful U.S. -Japan scientific 
workshops on DNA research held under the cooperative agreement. 

The OECD also has been active in the area of biotechnology and 
DNA research, recently issuing a report entitled "Biotechnology: Inter- 
national Trends and Perspectives." As a result of this report, the OECD 
Committee on Science and Technology Policy (COST) requested the 
OECD staff to undertake a study of the problems of safety and regula- 
tion of biotechnology, particularly dealing with large-scale production 



ration rrom ootn me iNin ana tne environmental rrotecaon Agency. 
There was further discussion in the workshop of the role of the ICSU 
committee known as the Committee on Genetic Experimentation 
(COGENE) in building consensus on guidelines for DNA research. The 
COGENE activities were undertaken in parallel with the NIH and ESF 
efforts and involved consultation with UNESCO and the World Health 
Organization. This has now led to a series of training courses and sym- 
posia for developing countries dealing with biotechnology and 
safeguarding the environment. 
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INTRODUCTION 

The year is 1927. Picture a recent doctoral graduate arriving in Co- 
penhagen, taking the tram to the Niels Bohr Institute, ringing the bell, 
announcing "I am Isidor Rabi. I have come here to do research." He 
was, of course, welcomed to join the bright, exciting group of young 
scientists working in close collaboration in this world-famous interna- 
tional setting. This was a major benchmark in his emerging illustrious 
career as a teacher and researcher at the frontiers of physics and as a 
public servant at the national and international levels adviser to 
presidents, governmental agencies, and the Congress, promoter and 
spirit behind the NATO science program, the Atoms for Peace pro- 
gram, the establishment of the International Atomic Energy Agency 
(IAEA), and so many other activities of benefit to this nation and the 
world scientific community. 

During the first three decades of this century, it was pretty much 
taken for granted that bright promising American scientists like young 
Rabi would seek out and participate in Western European research ac- 
tivities through doctoral and postdoctoral training. This was the time 
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within a scientific community without national frontiers. Totalitarian 
regimes in Europe subsequently led to an influx of scientific leaders to 
the United States; World War II provided a great impetus for further 
advances in science and technology. The center of the scientific uni- 
verse shifted more and more to North America. Still, the traditions 
and values of the great centers of training and research in Western Eu- 
rope remained attractive to young American scientists in the postwar 
years. And U.S. governmental agencies, particularly those concerned 
with defense and health matters, supported the research and training 
of European scientists. The International Scientific Unions were 
strengthened and provided increased leadership in organizing and 
managing cooperative international research programs. New govern- 
mental institutions and associations were established: the Organisa- 
tion for Economic Co-operation and Development (OECD), the North 
Atlantic Treaty Organization (NATO), and the European Communi- 
ties, providing a basis for a broadened international community of 
scientists that today encompasses the advanced countries of North 
America, Europe, and the Far East. 

For any given country, the interdependence between the domestic 
elements and particularly the foreign elements of the scientific com- 
munity is critical. The capacity of its graduate and postdoctoral scien- 
tists and engineers to benefit from lively cooperative and competitive 
cross-country interaction is dependent on the competence of the do- 
mestic research and training system that has earlier shaped them. 
And, at the same time, the dynamism of that system continually 
draws on feedback from its own scientific "returnees" and on interac- 
tion with the foreign fellows in its own laboratories. 

Lively reciprocity is a key factor in the exchange. But, over the past 
quarter century a number of inhibiting factors have appeared on the 
U.S. scene that discourage international mobility in contrast to that 
first half of the century when the United States drew heavily on the 
Western European scientific community. It is a truism to say that, with 
the world scientific and technological community based on wide- 
spread interactions, we cannot afford to draw away from stimulating 
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and needs. We shall examine the international aspects of graduate and 
postdoctoral fellowship developments as well as short-term tutorial 
schemes and collaborative research activities involving young scien- 
tists. This will be followed by some general considerations on interna- 
tional mobility of young scientists and engineers. The emphasis here, 
as in preceding decades, will be on the person-to-person contact estab- 
lished in the researcher's early years. The enduring relationships de- 
veloped by researchers in their early years, moreover, provide the 
basis for effective participation in all other modes of fruitful 
international science and technology cooperation during ensuing 
years. 

FELLOWSHIP PROGRAMS 

NSF Graduate Fellowships 

One of the first major programs implemented by the newly estab- 
lished NSF in 1952 was the graduate fellowship program for predoc- 
toral-level science students. This program experienced a range of pres- 
sures in the ensuing 30 years, but has consistently provided some 
450-550 new awards each year. A near doubling of these awards (in- 
cluding renewals) was experienced during the 1960-1970 period under 
the influence of the post-Sputnik increase in foundation budgets. 
Thus, total annual awards, including continuation awards, grew to 
the 2,500 level by the year 1970, tapering off to the current 1,400 level. 

From the beginning, a small number of NSF graduate fellows chose 
quite readily to study in centers of excellence abroad, mainly in the 
United Kingdom, France, Germany, and Canada. Figure 1 and Table 1 
show that there were from 20 to 50 such fellows per year in foreign 
institutions throughout the first 20 years of the graduate fellowship 
program, or from 1.5 percent to 5 percent of all fellows. Data from 
NSF Annual Reports present an unexplained aberration in 1956 with 
95 (8.4 percent) of fellows going to foreign institutions. The numbers 
of fellows attending foreign institutions fell off significantly beginning 
in 1974 to a large extent because of the discouraging restrictive rule 
requiring special justification for tenure in foreign institutions a re- 
striction brought on by Congress's concern, at the time, with a weak- 
ening dollar and gold outflow. Then, in 1981, this fellowship pro- 
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Year 


Total Awards 
Offered (No.) fl 


Grad. Fellows 
in Schools (No.) fo 


Grad. Fellows in 
Foreign Inst. (No.r 


Grad. Fellows in 
Foreign Inst. (%) 


1952 


569 


575 


20 


3.5 


1953 


514 


680 


26 


3.8 


1954 


657 


913 


42 


4.6 


1955 


715 


914 


37 


4.1 


1956 


773 


1,133 


95 


8.4 


1957 


849 


958 


27 


2.8 


1958 


1,081 


939 


15 


1.6 


1959 


1,100 


1,100 


13 


1.2 


1960 


1,200 


1,198 


24 


2.0 


1961 


1,537 


1,443 


20 


1.4 


1962 


1,760 


1,761 


34 


1.9 


1963 


1,880 


1,880 


47 


2.5 


1964 


1,900 


1,900 


33 


1.7 


1965 


1,934 


1,934 


27 


1.4 


1966 


2,500 


2,500 


40 


1.6 


1967 


2,450 


2,450 


39 


1.6 


1968 


2,500 


2,500 


42 


1.7 


1969 


2,498 


2,500 


38 


1.5 


1970 


2,581 


2,582 


30 


1.2 


1971 


1,969 


1,972 


27 


1.4 


1972 


1,738 


1,550 


22 


1.4 


1973 


1,489 


994 


14 


1.4 


1974 


1,479 


581 


5 


0.9 


1975 


1,521 


576 


7 


1.2 


1976 


1,603 


550 


3 


0.6 


1977 


1,670 


550 


7 


1.3 


1978 


1,630 


490 


8 


1.6 


1979 


1,513 


451 


3 


0.7 


1980 


1,401 


463 


3 


0.6 


1981 


1,371 


450 


5 


1.1 


1982 


1,410 


500 


4 


0.8 


1983 




450 


4 





fl NSF Graduate Fellowship Program Table 1: New Applicants, New Awards, Success Rate of New 
Applicants Total Awards Offered and Total Obligations by Year, 1952-1982, from NSF staff, June 
1983. 

Annual Report Listings: Institutions chosen by Fellowship Awardees. (Related to New Awardees as 
of 1973; 1983 data from award announcement.) 



problems were developing with mobility of scientists and engineers in 
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Postdoctoral Fellowships 

NSF Postdoctoral Fellowships. For young scientists primarily mo- 
tivated toward academic and research careers at the frontiers of 
knowledge, postdoctoral fellowships and research associations in cen- 
ters of excellence are a logical next step after completing their doctor- 
ates. Such movement to European centers was very much the case for 
young Americans in the decades prior to World War II, and this lively 
mobility continued in the 1950s, facilitated by the GI Bill, and Ful- 
bright grants, as well as invaluable support from private foundations. 
However, it took the Sputnik tremor to move NSF into supporting a 
significant and highly effective postdoctoral program beginning in the 
1958-1959 academic year. Some 120-245 NSF postdoctoral grants 
were awarded per year in the ensuing 13 years to 1971, with between 
one-third and three-fifths of these fellows pursuing training and ad- 
vanced research in foreign institutions, primarily in Western Europe 
(see Figure 2 and Table 2). These were the halcyon days of U.S. science 
and technology. Advancements in space, medicine, communications, 
security, and most fields were increasingly centered around U.S. insti- 
tutions and the leadership of U.S. engineers and managers of technol- 
ogy. We should recall the so-called "technology gap" of the late 1960s 
and the concern of our European and Japanese colleagues that they 
might never catch up. Still, the traditional and newly emerging intel- 
lectual centers of scientific excellence in Europe and Japan were read- 
ily recognized and sought out by leading American scientists and post- 
doctoral fellows. 

But, for a complex of reasons perhaps an exaggerated sense of 
confidence and self-sufficiency as well as serious questioning of the 
NSF role in supporting science education, and, furthermore, expecta- 
tions that other sources might fill the gap the NSF ended its broad 
postdoctoral fellowship program in 1972. The foundation then went 
through a mixed period (1975-1981) of supporting much smaller spe- 
cialized postdoctoral fellowship programs designated as related to 
"energy," "national needs," or simply as "postdoctoral." The percent- 
age of persons attending foreign institutions was much smaller. Since 
FY 1982 this program has been at zero level. It should be noted that a 
modest specialized exchange program of postdoctoral and senior-level 
scientists (10-15 each way) has been supported since 1970 under a 
II ,S -Franrp Bilateral Aerepmpnf. More rerentlv. even more restricted 



Year 


Postdoctoral 
Awards (No.) fl 


Postdoctoral Fellows 
in Foreign 
Inst. (No.) fl 


Postdoctoral Fellows 
Foreign Inst. (%) 


1959^ 


233 


102 


44 


1960 


173 


90 


52 


1961 


168 


56 


53 


1962 


245 


134 


55 


1963 C 


245 


124 


51 


1964 


240 


110 


46 


1965 


191 


70 


37 


1966" 


230 


111 


48 


1967 


150 


63 


42 


1968 


120 


45 


38 


1969 


130 


47 


36 


1970 e 


169 


54 


32 


1971 


185 


52 


28 


1972/ 








1973 








1974& 








1975^ 


110 


9 


8 


1976. 


118 


10 


8 


1977 1 


80 


12 


15 


1978 


138 


7 


5 


1979 


144 


18 


13 


1980 


54 


4 


7 


1981. 


50 


4 


8 


1982/ 









fl Annual Report Listings: chosen by Fellowship Awardees. 

Initiation of postdoctoral program as well as cooperative graduate fellowships, senior postdoctoral 
fellowships, faculty fellowships, summer fellowships. 
"Initiation of senior foreign scientists program. 

Termination of senior foreign scientists program. 

Establishment of U.S. -France (NSF-CNRS) Exchange of Scientists Program which has supported 10- 
15 Dostdoctoral/senior scientists exchanges (each way) per year. 

'Termination of postdoctoral fellowships, senior postdoctoral fellowships, science faculty fellowships, 
summer fellowships. 
^Faculty science program. 

Initiation of energy-related traineeships postdoctoral energy-related fellowships. 
'Transformation to national needs, postdoctoral. Initiation of minority graduate programs. 
^Termination of postdoctoral fellowships. 



the objectives, continuity, and credibility of policies for the support of 
American postdoctoral researchers. 1 



of grants and the fields in which they are offered are determined by the 
binational Fulbright Commission or U.S. embassy in each participat- 
ing country. Each spring the Council for International Exchange of 
Scholars (CIES) announces approximately 650 awards for American 
scholars to lecture or conduct research in more than 100 countries, 
including 19 in Western Europe. 

Of the 1,170 Fulbright awards made in all fields to American 
scholars going to Western Europe over the past 5 years, 722 were for 
lecturing and 448 for research. In the lecturing category, only 82, or 11 
percent, were specialists in science and technology. However, in the 
research category, where awards are usually open to scholars in any 
field, 164, or 34 percent, of the awards made in the past 5 years were 
in the sciences. Of the 246 scientists who received lecturing or research 
awards to Western Europe, the largest cohort was in engineering, 
which had 53 grantees, followed by chemistry with 45, and physics 
with 34. The 114 remaining grantees were distributed among the life 
sciences, astronomy, computer science, food technology, geology, 
and mathematics. In summary, there have been on the average over 



TABLE 3 Distribution of American Scientists and Engineers Under Fulbright 
Awards in Western Europe, 1978-1982 

1978 1979 1980 1981 1982 Total 



Lect 


Res 


Lect Res 


Lect 


Res 


Lect 


Res 


Lect 


Res 


Lect 


Res 


Astronomy 




1 














1 




2 


Chemistry 


3 


8 


2 4 


3 


6 


3 


4 


3 


10 


14 


32 


Computer Science 


2 




1 


1 






1 


1 


1 


4 


3 


Engineering 


8 


5 


7 3 


6 


3 


3 


9 


2 


7 


26 


27 


Food Technology 
















1 




1 




Geology 




1 








1 


5 


2 


1 


3 


7 


History of Science 






1 












1 




2 


Life-Animal 


2 


2 


2 


1 


6 


2 




1 




6 


10 


Life-Botany 


1 


3 


2 


1 


1 




1 


2 


5 


4 


12 


Life-Cell 


1 


3 


1 3 


1 


2 


1 


1 




6 


4 


15 


Life-Medical 


2 


2 


3 1 




5 


1 


3 




6 


6 


17 


Mathematics 


3 


1 


2 2 


1 


1 


1 


1 


2 


3 


9 


8 


Physics 


3 


3 


7 




3 


1 


3 


1 


13 


5 


29 



Total Science and 



the distribution of American scientists and engineers under Fulbright 
awards in Western Europe by year (1978-1982) and by discipline. 

Because of inflation and rising costs, most of the Fulbright awards 
made to U.S. scholars in all fields to Western Europe in recent years 
have been partial grants for periods of less than 9 months. In the past, 
most Fulbright grantees have been able to make up the difference be- 
tween the amount of the Fulbright award and their expenses abroad 
through sabbatical leave pay or with support provided by their host 
institution. However, the uncertain economic climate in the United 
States has meant that fewer American colleges and universities can 
supplement Fulbright awards through sabbatical pay. As a conse- 
quence, many American scholars are being forced to limit their stays 
in Western Europe to a few months. It appears, however, that more 
science than nonscience applicants are able to supplement awards. 

Trends in Postdoctoral Appointments Abroad for Doctoral Scien- 
tists and Engineers From U.S. Universities. If we wish to assess in 
more detail the movement of postdoctoral fellows from the United 
States to other countries, we must distinguish between two classes of 
postdoctoral foreign research experiences: those of new postdoctoral 
scientists, and those of a larger, older group extending into sabbati- 
cal/senior scientist research-teaching appointments abroad. 

With respect to new postdoctoral scientists, we have some quantita- 
tive information gathered by the National Research Council (NRC) on 
those new Ph.D.s from U.S. universities who have indicated firm 
commitments for postdoctoral study abroad. One should be cautious 
of using these numbers, which indicate the trends of new postdoctoral 
scientists' research plans, as indicators of the actual total numbers of 
postdoctoral scientists. The actual total may be perhaps twice as high 
during certain earlier periods for three reasons. 3 First, in any given 
year many prospective Ph.D.s, who have no firm foreign commit- 
ment when they receive the NRC questionnaire, secure such appoint- 
ments later on. (The NRC survey has observed that less than half (46 
percent of a sample of 441 individuals who held postdoctoral appoint- 
ments abroad during the period 1970-1976 had had firm plans for for- 
eign postdoctoral study at the time of the Ph.D. The remaining 54 per- 
cent had had other plans at that time.) Second, in any given year, a 
number of Ph.D.s who were awarded the degree 2 to 5 or more years 
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time. 

The available data on trends in overseas postdoctoral posts must be 
scrutinized both for what they show and do not show. Reports and 
presentations frequently use the peak year of 1971 as a base, implying 
thus a 50 percent decline in the number of new Ph.D.s accepting foreign 
posts in ensuing years. 4 ~ 6 Using estimates of probable distribution of 
fellows for 1966, 1967, and 1968, Charles Kidd shows that the number 
of new science and engineering Ph .D . s with postdoctoral appointments 
abroad may, with fluctuations, be more or less constant when viewed 
not from this peak period, but over the longer span of years preceding 
and following 1970-1972. 7 Trends over the 1966-1981 period are por- 
trayed in Figure 3 and Table 4. More importantly, Kidd points out that 
this relatively constant level conceals increases of about 20 percent in 
the biological and medical sciences that are offset by declines of about 
20 percent in the physical sciences and engineering. 

In examining possible causes of the 1970-1972 peak, Kidd refers to 
the motives, perceptions, and aspirations of new Ph.D.s, particularly 
those in physical science and engineering, when they received their 
U.S. degrees more than a decade ago. Significant factors turning their 
plans toward overseas posts were the sharp decline in federal research 
funds available per full-time equivalent scientist and engineer as well 
as the growing scarcity of tenured faculty positions. At the same time 
during the early 1970s, there was a pull from Western European re- 
search institutions to invite U.S. physical scientists and engineers to 
take up postdoctoral research appointments; this situation changed 
significantly by the end of the 1970s. In contrast to this experience in 
the physical sciences, Kidd shows that there was virtually no peak in 
the life sciences during the 1970-1972 period (Figure 3). 

As already noted, the number of new Ph.D.s reporting firm com- 
mitments for study abroad is an indication of trends, but may be, in 
fact, about one-half of actual postdoctoral appointments abroad. Fig- 
ure 4 shows that the percent of prior year's Ph.D.s in science and engi- 
neering who actually took up postdoctoral appointments abroad de- 
clined from an order of 5 percent in 1972 to around 2.3 percent in 
1976. 

In contrast to this rough picture of trends in new Ph.D.s (and 
M.D.s) taking up foreign appointments leveling down to an order of 2 
nprcpnl- at thp ctirrpnf nprind. therp is rprtainlv a mi^ch lare-er older 
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Sending 
Country 


Belgium 


Canada 


Denmark 


France 


Germany 


Greece Iceland 


Receiving 




























Country 


No. 


% 


No. 


% 


No. 


% 


No. 


% 


No. 


% 


No. 


% No. 


% 


Belgium 


2 


0.4 


23 


4.2 


5 


1.6 


11 


0.5 


4 


0.3 


21 


1.4 1 


0.5 


Canada 


23 


4.9 








16 


5.2 


85 


3.8 


56 


4.7 


13 


0.9 11 


5.1 


Denmark 


5 


1.1 


13 


2.4 


7 


2.3 


6 


0.3 


6 


0.5 


5 


0.3 16 


7.5 


France 


24 


5.2 


49 


9.0 


10 


3.3 


1 





87 


7.3 


152 


10.2 2 


0.9 


Germany 


11 


2.4 


40 


7.3 


5 


1.6 


19 


0.9 








107 


7.2 7 


3.3 






























Italy 


8 


1.7 


6 


1.1 


1 


0.3 


21 


0.9 


10 


0.8 


34 


2.3 - 


- 


Netherlands 


5 


1.1 


23 


4.2 


4 


1.3 


10 


0.4 


6 


0.5 


8 


0.5 4 


1.9 


Norway 


1 


0.2 


12 


2.2 








1 


- 


6 


0.5 





- 14 


6.5 


Portugal 








1 


0.2 














2 


0.2 











Turkey 


1 


0.2 

















- 


6 


0.5 





_ _ 


- 


UK 


39 


8.3 


183 


33.6 


45 


14.6 


122 


5.5 


104 


8.8 


753 


50.5 53 


24.8 


US 


333 


71.6 


187 


34.3 


208 


67.3 


1,870 


84.0 


877 


73.8 


361 


24.2 85 


39.7 


(Sweden) 


4 


0.9 








1 


0.3 


19 


0.9 


5 


0.4 


5 


0.3 12 


5.6 


(Swiss) 


4 


0.9 


7 


1.3 


1 


0.3 


28 


1.3 


8 


0.7 


9 


0.6 3 


1.4 


(Other) 


5 


1.1 


1 


0.2 


5 


1.6 


34 


1.5 


12 


1.0 


24 


1.6 6 


2.8 


TOTAL 


465 


100.0 


545 


100.0 


309 


100.0 


2,227 


100.0 


1,189 


100.0 


1,492 


100.0 214 


100.0 



"1963-1981 data only (figures not yet available for 1982). 
SOURCE: NATO Science Committee Year Book 1982. 



national exchanges. Unfortunately, one must rely on anecdotal evi- 
dence available through extensive contacts and interviews with 
Western European science policy officials and educational authorities. 
The picture of a dramatic decrease in the U.S. presence at mid-career 
and senior levels in Western European research institutions was 
brought out at the June 1981 Lisbon Workshop on International Mo- 
bility of Scientists and Engineers discussed below. Similarly, Kidd 7 
has underscored this significant decrease through interviews with 
Western European authorities; there was a unanimous opinion that a 
serious decline in U.S. senior-level researchers taking up foreign ap- 
pointments had occurred. 

NATO Fellowship Program. The picture of postdoctoral fellow- 
ship support available to U.S. Ph.D.s would be incomplete without 
reference to the invaluable, consistent contribution of the NATO Sci- 



Italy Luxemburg Netherlands Norway Portugal" Turkey UK US Total 

No. % No. % No. % No. % No. % No. % No. % No. % No. 



32 


1.7 


24 


11.3 


2 


1.0 


1 


0.3 


21 


2.8 


17 


1.0 


33 


1.4 


21 


1.8 


218 


45 


2.4 


3 


1.4 


6 


3.0 


14 


4.4 


7 


0.9 


34 


1.9 


137 


5.9 


41 


3.6 


491 


9 


0.5 














9 


2.9 
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0.4 
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0.2 


68 


2.9 


36 


3.1 


186 


158 


8.6 


50 


23.4 


4 


2.0 


13 


4.1 


106 


13.9 


88 


4.9 


207 


9.0 


144 


12.5 


1,095 


35 


1.9 


49 


23.0 


1 


0.5 


19 


6.0 


17 


2.2 


221 


12.4 


116 


5.0 


144 


12.5 


791 
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0.1 
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8 


0.4 


33 


1.4 


34 
^ 
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17 
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10 


0.6 
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4.8 


so 
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279 
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0.4 
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0.3 
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0.1 
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2.3 


39 


3.4 
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0.5 
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0.1 
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0.1 


11 


442 


24.0 


10 


4.7 


8 


4.1 


76 


24.1 


484 


63.6 


421 


23.6 








515 


44.6 


3,255 


1,000 


54.4 


34 


16.0 


160 


80.8 


169 


53.5 


77 


10.1 


942 


52.9 


1,137 


49.1 








7,440 


22 


1.2 








8 


4.1 


5 


1.6 


1 


0.1 


9 


0.5 


95 


4.1 


24 


2.1 


210 


35 


1.9 


38 


17.8 


2 


1.0 


3 


0.9 


9 


1.2 


9 


0.5 


140 


6.1 


56 


4.8 


352 


25 


1.4 


1 


0.5 


4 


2.0 
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ance nations of North America and Western Europe. The source of 
support comes from member nations; the U.S. contribution is chan- 
neled through State Department appropriations. An estimated 
150,000 scientists and engineers of many nationalities have been sup- 
ported through a range of exchange programs furthering collabora- 
tion with colleagues in other Alliance nations during the 25 years of 
the program. The NATO Fellowship Program provides support for 
nationally administered exchanges of some 800-900 fellows per year 
among Alliance nations. Well over one-half of these exchanges in- 
volve transatlantic travel. 

The United States has concentrated its participation in this program 
on the support of postdoctoral fellows. (Some other countries give 
primary attention to NATO-supported predoctoral or senior postdoc- 
toral exchanges.) On this basis about 65 U.S. postdoctoral scientists 
work each year in other Alliance scientific institutions (new awards 
olus extensions). About 70 percent of awardees attend institutions in 



NO ro 

in I-H 
NO ro 



<* <N 

NO (N 



(S m 

># ON) 



% 



The benehcial cost-benefit ratio to U.S. science of this NATO pro- 
gram is highlighted by the continuing flow of well over 50 percent of 
the fellows from other NATO nations to advanced studies in the 
United States, with support by NATO and their own countries. They 
contribute to the advancement of knowledge in U.S. institutions, as 
well as furthering long-lasting cooperative relations between their 
U.S. colleagues and their home institutions throughout the Alliance. 
The distribution and exchange of NATO Science Fellows over the past 
20 years is given in Table 5. An overview of transatlantic and inter- 
European exchanges supported under the NATO Fellowship Program 
is given in Table 6. 

SHORT-TERM TRAINING INSTITUTES 

Next to doctoral fellowship experiences, participation in short-term 
international advanced-training projects has proven to be of greatest 
value to young scientists. An example is the NATO Advanced Study 
Institutes (ASI) Program, which has provided such opportunities over 
the past 25 years. 

The ASI Program focuses directly on the dissemination of knowl- 
edge at the frontiers of science and the formation of lasting contacts 
among participating scientists from different countries. An ASI is pri- 
marily a high-level teaching activity at which a carefully defined sub- 
ject is presented in a coherently structured program by members of the 
cognizant research community. Since its inception in 1959, the ASI 
Program has supported over 1,200 institutes in which some 100,000 
scientists have participated. The proceedings of most ASIs have been 
published as advanced texts by world-recognized publishing firms. 

Each ASI has a relatively small number of participants (70-100 per- 
sons), facilitating informal discussion of presentations directed largely 
toward a postdoctoral audience. But the participants range from grad- 
uate students to highly qualified senior scientists with achievements in 
the area of the ASI or related fields. A lecturer-to-student ratio of 
around 1:5 is usual. Furthermore, it is evident that only if the meeting 
is of sufficient length can an adequate program be presented experi- 
ence has shown that a duration of about 2 weeks is preferable, with a 
minimum of 10 working days. Finally, an ASI is frequently structured 
as an interdisciplinary meeting, with specialists in one field teaching 



mon interest is developed from the viewpoint of different sciences. 

The distribution of ASIs according to fields of research over the 
1959-1981 period, presented in Table 7, shows that the physical and 
mathematical sciences have dominated this program to date. How- 
ever, increased attention is now being given to research topics of in- 
dustrial interest. U.S. scientists have actively contributed to and par- 
ticipated in the ASI Program. Some 28 percent of the ASI Directors 
have come from the United States, and it is estimated that about 15 
percent of the student participants (some 15,000) have been American 
scientists, primarily at the postdoctoral level. 

At the time of the Twentieth Anniversary Commemoration Confer- 
ence of the NATO Science Program (1978), a review was carried out 
on the various aspects of the program. 8 The answers to a question- 



TABLE 7 Distribution of ASIs according to Fields of Research, 1959-1981 

Field of Study 1981 Total Percent 

Life sciences 

Agricultural sciences 2 15 1.4 

Biochemistry 5 18 1.7 

Biology 6 87 8.1 

Botany 13 1.2 

Ecological sciences 1 10 0.9 

Medical sciences 6 52 4.8 

Zoology 1 16 1.5 

Physical and mathematical sciences 

Atmospheric sciences 1 29 2.7 

Computer sciences 4 42 3.9 

Chemistry 5 81 7.6 

Earth sciences 4 35 3.3 

Mathematics 3 99 9.2 

Oceanography 7 0.6 

Physics 22 403 37.6 

Behavioral and social sciences 

Behavioral sciences 2 42 3.9 

Social sciences 12 1.1 

Diverse applied sciences 

Engineering 7 63 5.9 

Materials science 3 11 1.0 

Systems science 2 32 3.0 

Information science 1 7 0.6 
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and outstanding value of the Institutes was in the new ideas for re- 
search they generated and the new professional associations they 
made possible." This review concluded by noting, "If the ASIs can be 
assumed to be unique, then their uniqueness derives from their ability 
to lessen the gaps between scientists that could exist because of their 
status, physical location, and other deterrents to the activity of sci- 
ence. The suggestion is certainly clear in this assessment that the ASIs 
are indeed unique through their format of encouraging extending 
scientific associations that endure long after the termination of the In- 
stitutes." This international collaboration within tutorial schemes at 
the frontiers of research is of fundamental importance to young Amer- 
ican researchers. 



INTERNATIONAL COLLABORATION IN RESEARCH 

Another mechanism for promoting international exchanges of 
young scientists is through collaborative research projects. Although 
the major interactions within such projects are probably between 
principal investigators, normally senior scientists, these projects pro- 
vide invaluable opportunities for postdoctoral scientists to engage in 
and experience important developments abroad. As major examples, 
the NATO Collaborative Research Grants Program and certain as- 
pects of NSF Research Grants and Travel Grants Programs are briefly 
discussed below. 



NATO Collaborative Research Grants Program 

NATO grants specifically assist projects in which the basic costs are 
met mainly by country funding, but where the international collabo- 
ration entails costs that are not met by other sources. Supported proj- 
ects are carried out as a joint effort of teams in university, govern- 
ment, and other research institutions in at least two member 
countries, with exchanges of personnel through short visits. NATO 
support mainly covers travel and living expenses of the investigators 
while working abroad in each other's institutions. Since its inception 
in 1960, this NATO program has supported about 2,000 projects 
(awards were made in 1982 for 270 new grants). American scientists 
are bv far the most active oartitioants in this program with some 65 



collaboration. 

NSF Research and Foreign Travel Grants 

Over the years, the NSF staff in the Division of International Pro- 
grams has not only managed a wide-ranging number of cooperative 
research and training activities under bilateral programs, but has also 
periodically attempted to provide analyses of the overall international 
activities of the foundation. A recent analysis has provided a basis for 
policy discussions by the National Science Board. A major examina- 
tion of science in the international setting was prepared for the June 
1982 board meeting. 9 

A board statement 10 issued some weeks after the meeting, in Sep- 
tember 1982, noted in particular: 

Scientific interaction at the international level is an essential element in the contin- 
ued vitality of science. Historically, the Nation has profited from its positive 
stance of encouraging outstanding scientists from throughout the world to be 
aware of and participate in our scientific activities and encouraging U.S. scientists 
to travel and interact closely with scientific projects in other nations. 

Cooperation with the industrialized democracies, such as OECD members and 
our NATO allies, is clearly of great value to the economic well-being and indus- 
trial capability of our own Nation as well as theirs. These nations enjoy compara- 
ble levels of technical sophistication and the potential for sharing advanced, 
costly facilities. Since opportunities for interaction with these countries are read- 
ily available, the greatest latitude should be given to individual cooperation and 
exchanges independent of formal bilateral programs. However, the NSF should 
continue to participate in selected intergovernmental agreements that serve iden- 
tifiable useful functions. 

The nature of science requires that its international dimension be considered an 
organic aspect of the scientific enterprise. This dimension must be actively pro- 
vided for in all Foundation programs, from education and fellowships to the vari- 
ous disciplinary efforts in the natural sciences, social sciences, and engineering. 
Planning for new facilities and the setting of priorities for major scientific investi- 
gations and programs should be carried out with the full recognition of the priori- 
ties of other countries and in an environment which encourages complementarity 
or planned supplementation, cost sharing, and coherence of the various efforts of 
cooperating countries. National Science Foundation organization and manage- 
ment procedures should reflect these principles. 
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awards on specific modes on international "implication," that is, in- 
ternational involvement. Some important findings are: 

Of 28,125 NSF awards of all directorates studied for the period, 
26.7 percent had international implications. 

Although large international group efforts use most of the NSF 
funding that has international implications, the largest number of NSF 
grants are for research by individuals and nearly 1,000 U.S. scientists 
annually receive some NSF support for such activities, under bilateral 
programs alone, 

The figures related to industrial, or scientifically advanced, coun- 
tries show high values for mathematical and physical sciences, engi- 
neering, and biological, behavioral, and social sciences, mainly re- 
flecting cooperation with Western Europe and Japan. 

The "nature of implication" (i.e., international involvement) var- 
ied greatly according to program needs of the directorates, as shown 
in Table 8 below. 

In summary, foundation awards do include significant support for 
international interactions, although the nature of such interactions 
varies considerably among the discipline programs. One can assume 
that there is an involvement of young researchers through these sup- 
port mechanisms, although the amount cannot be determined from 
current data collection. It is noteworthy that under foreign travel the 
foundation does give special consideration to supporting participation 
of postdoctoral and young scientists who wish to attend NATO Ad- 
vanced Study Institutes. 



TABLE 8 Nature of Implication According to Directorate 
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SCIENTISTS AND ENGINEERS 

This discussion has touched on trends and concerns pertaining to 
some of the most important programs that provide young American 
scientists with opportunities to profit from advanced research and 
training experiences abroad. The value and need of such experience is 
largely supported by anecdotal evidence we are all familiar with a 
number of "Rabi" examples of perhaps more modest yet significant 
contributions to science and world affairs. There are convincing argu- 
ments to support increased international interactions as essential ele- 
ments in the career development of the coming generations of Ameri- 
can science and engineering leaders. 

Professor Kurt Fleischhauer of the Anatomisches Inst. der Rheinis- 
chen Friedrich-Wilhelms-Universitat noted most aptly at the June 1981 
Lisbon Workshops on International Mobility of Scientists and Engi- 
neers that 

the most important form of establishing effective international collaboration is to 
provide opportunities for young scientists, preferably still in their twenties or 
early thirties, to work in a foreign institute of high scientific standard for a period 
of not less than one year and preferably two years. Any experience gained at this 
stage of the career is of utmost importance and long-lasting influence because at 
this stage the scientist still has an open mind and is not only able to gain enor- 
mously with respect to his actual scientific achievements but also to form interna- 
tional links that are based on personal understanding and friendship. And since, 
after all, science is an undertaking of persons with all their likings and dislikings 
and with all the prejudices every one of us has, links based on personal trust are of 
particular importance for international exchange. 11 

The Lisbon Workshop dealt with a number of issues relevant to 
the interests of young researchers. A Working Group on Mobility and 
the Career Paths of Individuals identified three problems of over- 
whelming importance: 

the reentry and job security problem 
the dual-career family problem 

lack of obvious reward for taking the adventurous step 12 

The Working Group on Research Systems and International Mobil- 
ity devoted major attention to the problems of transatlantic mobility, 
noting the greatly changed environment and two-way movement of 



for this in the forties and fifties continue to work successfully) but to get post- 
doctoral fellowships and travel grants for the outgoing Americans and postdoc- 
toral foreigners. U.S. Foundation assistance would be warmly welcomed. 13 

Among the conclusions of the workshop, three, in particular, are 
relevant to providing convincing arguments for encouraging in- 
creased international mobility of the young researcher: 

International mobility of scientists and engineers is important to the excellence of 
the scientific enterprise, the health of technologically-based industries, and the 
intellectual and professional growth of the individual. 

For individuals, international mobility constitutes a major vehicle for the devel- 
opment of inventive and innovative ability. Such experience is particularly valu- 
able early in a professional career for it is at this stage of intellectual and profes- 
sional growth when one is especially responsive to new ideas and opportunities. 
At later career stages international mobility may allow a mature investigator to 
renew his innovative capabilities. 

International mobility is a valuable component in the development and renewal 
of research systems. The mutual confidence that is built between host and guest 
leads to long-term cooperation, understanding of different concepts and tech- 
niques, and adaption of new technologies more quickly and accurately than is 
possible when working in isolation. 14 

The key point here is national "isolation" a condition inimical to 
scientists and the dynamism of the research system. We are proud of 
our mobility within and among national institutions. For reasons 
noted above, we found international interactions of critical impor- 
tance during the first half of this century. Why not now? And to 
whom should we pose this question? 

Recent policy statements portray a curious perspective on the posi- 
tion of the United States in the world research system on the part of 
important decision makers. The National Science Board document re- 
ferred to earlier, entitled "Statement on Science in the International 
Setting," introduces a first idea that "American scientists no longer 
lead in every field of science .... " 13 Similarly, the President's Science 
Adviser in the President's "Annual Science and Technology Report to 
the Congress" for 1981 states that "one of the realities of the 1980s is 
that whereas the United States retains international oreeminence in 



with many fields of science and technology advancing rapidly at the 
world level (not just at the U.S. level), we have the most convincing 
argument of all for promoting the international mobility of young re- 
searchers to lead, to participate, to keep up, to provide a mature (a 
world view) perspective as future managers of our research system, be 
they in industry, university, or government. 

This analysis has shown that isolation is an imminent problem that 
must be faced. The NSF graduate fellowship program currently en- 
courages a trivial level of participation of fellows to attend foreign 
institutions. This should be much enlarged. 

There is no longer a regular NSF postdoctoral fellowship program. 
Serious and urgent attention should be devoted to devising mecha- 
nisms to promote an increase in the overall postdoctoral appoint- 
ments abroad from something less than 2 percent to the order of 5 
percent. In this, it would be particularly important to give special at- 
tention to the mathematical, physical, and engineering sciences. 
Whether the trends in postdoctural study abroad have declined or re- 
mained relatively constant is not the point. Specific measures should 
be established to encourage increases in foreign research appointments 
in order to ensure our future participation in the advancement of sci- 
ence as well as provide a vital supply of internationally minded re- 
search managers. 

Coupled with meeting these needs is the enlargement of opportuni- 
ties for young American scientists to participate in short-term training 
schemes such as the NATO ASIs as well as collaborative research 
projects of all kinds, particularly those supported by the National Sci- 
ence Foundation. 

The dynamic interaction of young American researchers with their 
colleagues in the advanced countries of the Western world is funda- 
mental to the health of our research system. The benefits to the United 
States its economy, its political system, its position in the world of 
science and technology lie in their hands and intellectual leadership. 

REFERENCES AND NOTES 

1. Commission on Human Resources, National Research Council. 1981. Postdoctoral Ap- 
pointments and Disappointments. Washington, D.C.: National Academy Press. This 
report presents findings on a broad range of issues concerning the importance of post- 



3. National Research Council. 1978. Highlights, Trends in Postdoctoral Appointments 
Abroad for Doctoral Scientists and Engineers from U.S. Universities. Washington, 
D.C.: National Academy of Sciences. 

4. Zinberg, Dorothy S. 1977. Planning for contraction: Changing trends in travel patterns 
of American and European scientists. In New U.S. Initiatives in International Science 
and Technology, April 13-16, 1977, Keystone, Colo. 

5. NATO Science Committee, European Science Foundation, and U.S. National Research 
Council. International Mobility of Scientists and Engineers. Report of a workshop held 
in Lisbon, June 1981 . 

6. Commission on Human Resources, National Research Council. 1980. Summary Report 
1979, Doctorate Recipients from United States Universities. Washington, D.C.: Na- 
tional Academy of Sciences, p. 14. 

7. Kidd, Charles. 1983. Personal communication. 

8. NATO Scientific Affairs Division. 1978. Two Decades of Achievement in International 
Scientific and Technological Cooperation. Brussels: North Atlantic Treaty Organiza- 
tion. 

9. National Science Board. 1982. Discussion Issues 1982, Science in the International Set- 
ting. Vol. 2, Background Material. Washington, D.C.: National Science Foundation. 

10. National Science Board. 1982. Statement on Science in the International Setting. As 
adopted by the National Science Board at its 238th Meeting, June 1982. 

11. NATO Science Committee, European Science Foundation, and U.S. National Research 
Council, p. 116. This report identifies problems, concerns, and remedial action perti- 
nent to promoting increased international interactions among scientists and engineers 
in the advanced countries of the world; in particular problems of young researchers are 
addressed. 

12. Ibid., p. 47. 

13. Ibid., p. 57. 

14. Ibid., p. 4. 

15. Office of Science and Technology Policy in cooperation with the National Science 
Foundation. 1982. Annual Science and Technology Report to the Congress, 1981. 
Washington, D.C.: U.S. Government Printing Office. 



Discussion 



The morning of the second day of the workshop was devoted to two 
panel discussions, each examining different aspects of U.S. interna- 
tional S&T policy. The first panel focused on the objectives and 
benefits of and obstacles to bilateral and multilateral cooperation. It 
was suggested at the outset that there is an attitude toward interna- 
tional cooperation, derived from the situation that prevailed in the 
1950s and 1960s, that such involvement on the part of the United States 
was some sort of magnanimous gesture. In reality, this view is now ob- 
solete, given that the United States often benefits at least as much from 
its cooperative involvements as do other participating nations. 

It must be recognized clearly that there are political as well as scien- 
tific benefits from cooperation, yet both depend on a project's produc- 
ing good science. Although it may appear somewhat obvious, money is 
the key to any kind of effective cooperation, particularly for the labo- 
ratory sciences. Cooperation in the laboratory sciences most often in- 
volves the exchange of people in order to learn new techniques or 
develop new ideas or the development of standards, terminology, or 
safeguards. In the case of the field sciences (primarily the earth sciences, 
ecology, and some aspects of health science), the problems have more 
to do with developing effective ad hoc specialized mechanisms, which 
are often multilateral rather than bilateral. All require the infusion of 
money. 

One example of multilateral cooperation discussed in the session was 
the Committee for Science and Technoloev (COST) colicv of the 



It is a place where member states (24 countries, including the United 
States, Canada, Japan, Australia, New Zealand, all the countries of 
Western Europe, and special status for Yugoslavia) can be confronted 
with respect to their policies on scientific and technical cooperation. 
The OECD-COST serves a number of functions, including that of a 
forum where governments can discuss (1) recent developments in their 
science policies, (2) coordination of regulatory policies for S&T, and (3) 
policy development and evaluation. 

There is a lack of coherence in the approach of the OECD member 
countries; national policies are disparate and difficult to change. The 
United States in particular has been erratic in both its representation to 
and participation in the work of the OECD. Some governments prefer 
to pursue their objectives on a purely bilateral basis. The member 
governments finally agreed to hold a meeting in Tokyo, Japan, for the 
explicit purpose of reexamining their cooperative relationships. OECD 
is a consensus organization; rarely is anything done by vote. 
Moreover, governments rarely initiate actions within COST; they tend 
to sit back and wait for the Secretariat to take initiatives. As a result, 
there remains a substantial unutilized potential for expanded coopera- 
tion within this context. 

A second multilateral cooperative mechanism discussed in the 
meeting was the NATO science program, which has existed for more 
than 25 years. Motivated originally out of explicit foreign policy objec- 
tives, the program has promoted the advancement of basic science 
among the allied countries by facilitating the movement of approx- 
imately 150,000 young scientists and engineers (more than half of 
which involved transatlantic travel). The NATO Science Committee 
itself has also been an effective multilateral forum. One noteworthy 
feature is that the special study panels created by the committee contain 
a "sunset provision" that causes them to go out of existence after 5 years 
(unless renewed). 

The panel discussion concluded with a consideration of the problems 
with and prescriptions for multilateral S&T cooperation. It was sug- 
gested that some of the costs of cooperating across international 
boundaries include: (1) problems of meshing disparate bureaucracies, 
(2) delays in decisions due to different political systems, (3) the financial 
burdens of funding travel to international meetings, (4) inertia that 
makes oroerams hard to start and sometimes even harder to stoo. (5) 



ingly politicized. 

Conditions for successful multilateral cooperation involved both 
scientific-technological and political criteria. They include: (1) mutual 
interest in a problem on the part of scientists and engineers in different 
countries, (2) personal involvement of individuals of roughly the same 
degree of competence, (3) buffering of the project from political 
pressures once it is under way, (4) adequate funding both for the proj- 
ect and the costs of national participation (e.g., travel), (5) professional 
peer recognition of the importance of the work, and (6) availability of 
specialized equipment and/or facilities. It would seem less important 
on this basis whether a project originates at the grass roots i.e., be- 
tween individual scientists or meets most of the success criteria set 
forth above. 

On the political side, successful projects also must fulfill certain con- 
ditions. There must be mutual benefit for the participating gov- 
ernments or organizations. The project must contribute to national 
objectives (e.g., R&D, foreign aid, intelligence gathering, etc.) and pre- 
ferably lead to a cooperative approach to international problems or im- 
prove the U.S. image abroad. It is also helpful if the project saves 
money. Cooperation and competition can and probably should coex- 
ist. But it is necessary to gain a clearer understanding of which types of 
activities can (or must) be pursued on a national basis versus those that 
lend themselves to international participation. 

The second panel discussion took up the topic of the changing condi- 
tions of international science cooperation. The session began on the 
note that, despite the changes that have occurred in the international 
S&T system, the role of the United States is still critical. If the United 
States acts unilaterally and does not consult with its partners or puts 
its own interests above the common good this reduces the incentive 
for other nations to cooperate. The fact is, however, that cir- 
cumstances also have changed significantly within the U.S. R&D en- 
vironment. Within the last decade there have been two major reces- 
sions that have limited the resources available for industrial support of 
R&D. At the same time, inflation and other factors have driven up the 
cost of conducting R&D while rigorous budgetary constraints were be- 
ing imposed to limit government spending. Thus, at the very time that 
the U.S. technology finds itself hard-pressed by the Japanese and in- 
creasingly by the Europeans, the level of government-university- 



militarily sensitive information. This has been a particular problem 
regarding the participation by U.S. scientists and engineers in interna- 
tional conferences where potentially sensitive S&T topics are to be dis- 
cussed. There is now a mounting record of conferences, workshops, 
and symposia where the Defense Department or other federal agencies 
have forced the withdrawal of papers and /or banned the presence of 
foreign nationals on grounds of national security. The net result has 
been an increasing level of uncertainty and unease within the scientific 
community regarding the publication of papers in certain fields and in- 
teractions with foreign nationals. 

A similar effect has been experienced within the industrial research 
context. On the one hand, multinational corporations have come in- 
creasingly to assign research to the subsidiary where it can be done 
most effectively, rather than thinking in national versus international 
terms. Thus, there often may be substantial intracompany mobility of 
people and data. Restrictions imposed under the terms of the Export 
Administration Act can have serious negative consequences on this 
mobility and, ultimately, on the competitive position of U.S. industry. 
It also creates serious difficulties for U.S. multinational companies that 
employ foreign nationals in areas of R&D that may be subject to 
control. 

It was pointed out that restrictions imposed on foreign nationals out 
of national security concerns about the loss of scientific and 
technological data also are responsible, in part, for the decline in the 
movement of junior scientific personnel (i.e., graduate and post 
graduate students and junior faculty). The reasons U.S. citizens are 
choosing not to go abroad for additional training or to conduct 
research are complex. They relate in part to changing career patterns, 
reduced opportunities for academic advancement, and, in some cases, 
cultural and language barriers (e.g., Japan). 

There are indications that the climate also has deteriorated for 
foreign students and scholars in the United States, with at least 12 states 
now attempting to set limits on the number of foreign students in their 
state-supported institutions of higher learning. This has come about 
both out of the concern about the loss of militarily sensitive or pro- 
prietary data and a general sense that these individuals are somehow 
not fully paying their own way. If the flow of junior scientific personnel 



travel to the same place. It also has made networking possible among 
individuals at multiple research sites. At the same time, however, the 
problems of controlling transborder data flow become more com- 
plicated. It also calls into question the foreign language training and 
capability of the U.S. research community. 

The discussion turned finally to a consideration of the overall socio- 
political environment in which international S&T cooperation takes 
place. It was pointed out that many of the federal agencies involved 
directly in supporting cooperative efforts have extremely limited 
"institutional memories." That is, the individuals involved at the 
decision-making level change frequently and often these people have 
little knowledge of previous international activities or appreciation of 
their importance. A number of participants reiterated their perception 
of a growing nationalism some termed it protectionism pervading 
American culture at the present time that is inimical to the interest of 
expanded international contacts in science and technology. Despite the 
largely symbolic rhetoric on international S&T cooperation and the ac- 
tivities among the OECD countries flowing out of the Attali Report and 
the Williamsburg Economic Summit, there appears to be little serious 
interest in the subject at the present time within the highest policy 
circles of the U.S. goverment. 
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Cooperation to Meet 

Future Needs 



Discussion 



The final session of the workshop consisted of an open-ended discus- 
sion of modified or new forms of international cooperation to meet 
future needs. The terms of reference were established at the outset: 
There is a new political climate today, and the importance of science 
and technology has increased substantially in the affairs between and 
within nations. Many of the rationales that have been operative in inter- 
national activities flow from the Marshall Plan and the historical cir- 
cumstances that existed at the end of World War II; these are now in 
need of adjustment. It must be kept in mind that international scientific 
cooperation involves a broad range of activities from the "grass roots" 
level of the individual scientist to the largest global project. It is also im- 
portant to understand that scientific cooperation involves essentially 
three different types of flows that are subject to constraint: the flow of 
people, the flow of ideas, and the flow of resources. 

Before turning to specific recommendations for follow-on activities 
to the workshop, the discussion focused more generally on broader 
needs regarding international cooperation. It was reiterated that the 
government's institutional memory is relatively limited, and, as a result, 
it is necessary to make the case anew every 5-10 years. Given the pres- 
ent inward orientation of national politics, the case for international 
cooperation woiild be strengthened ereatlv bv recruitine those from in- 



States might wish to cooperate more widely. 

There was an apparent consensus in the meeting that the present con- 
cern should not focus so much on creating additional new modes of co- 
operation, since this may not be feasible from a scientific, economic, or 
political standpoint. Rather, it should concentrate on arresting the dete- 
rioration in the present system. (Although the workshop was held prior 
to the announced U.S. intention to withdraw from membership in 
UNESCO, the problems of U.S. participation were discussed.) Partici- 
pants in the workshop put forward a variety of ideas for new studies, 
activities, or institutional mechanisms that would help to reach and in- 
fluence decision making. Among the concepts proposed were the 
following: 

Make the case for U.S. participation in international S&T coopera- 
tion in different forms so that the information will be accessible to a 
wide range of audiences. This might include developing specialized 
course materials, briefing materials, etc., of varying degrees of 
sophistication. Included in this effort should be a reorganization of the 
Title V report to make it more readable and usable. 

Develop an analysis that places the S&T needs of and constraints 
on the United States in a better perspective so that they may be under- 
standable to the Europeans, the Japanese, and others who do not fully 
comprehend the current U.S. climate. 

Undertake a study that will provide definitive evidence on the cur- 
rent pattern of student mobility, both into and out of the United States. 
Explicate the reasons why U.S. students are no longer choosing to study 
abroad in as great numbers as before. 

Make an effort to involve more junior members of the scientific and 
engineering communities who will have to live with the research system 
in the years to come. 

Develop seminars and other types of presentations on international 
S&T for national opinion leaders from industry, government, and the 
foundations. The joint National Academy of Sciences Council on 
Foreign Relations seminar on the role of science and technology in 
foreign policy, which was convened in May 1984, might serve as a 
model. 

Create other channels of communication on these matters between 
the various sectors of society. Foundations could be enlisted to support 



___ ] _i _____ i ____ 



munities share common concerns. 

Create a follow-on group presumably within the Academy com- 
plexthat can monitor and engage the issue in all its dimensions. This 
might include the issuance of "white papers" and/or the dissemination 
of educational messages through a variety of scientific and popular liter- 
ature, including Science, Science '84, Scientific American, Foreign Af- 
fairs, etc. 

As Walter A. Rosenblith concluded in the final session, "No country 
can afford to be scientifically autarkic; cooperation and competition 
must coexist." As a result, it is necessary for the scientific community to 
make the case for international cooperation along the entire spectrum of 
S&T activities. Similarly, the constituency also must be very broad, 
and, in order to reach it, whatever follow-on group is constituted 
should include individuals drawn from industry, from the science and 
engineering communities, and from among those who understand the 
policy process. 



Afterword 



It has now been more than a year since we first developed plans for a 
project to assess U.S. participation in international scientific and 
technical cooperation. Since that time events have demonstrated only 
too well the validity of our concern for the apparent trend toward 
decreasing U.S. involvement in and support for international activities. 
Nowhere is this more clear than in the case of the 1983 announcement 
by the U.S. government of its intention to withdraw from the UN 
Educational, Scientific and Cultural Organization (UNESCO) by the 
end of 1984. Whether or not the withdrawal takes place, the announce- 
ment has triggered worldwide concern for the future of international 
cooperation and raised fundamental questions about the organization, 
support, and implementation of international programs, the very ques- 
tions that guided our workshop discussions. 

With the commissioned papers and the workshop discussions, we 
have taken the first steps in the overall assessment. There is much more 
that should be done, on the one hand, to understand better the complex 
issues involved, and, on the other, to educate and inform the various in- 
stitutions and persons whose cooperation is essential to effective inter- 
national relations in science and technology. 

Toward this end, the workshop recommended that various informa- 
tion packets be prepared that could be used to inform and strengthen 
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than in the past, or perhaps so comfortable with the present system that 
insufficient attention has been given to its care. 

It is our hope that this volume will contribute to the process of 
developing a sounder basis for international scientific and technological 
cooperation among the western industrialized countries. 

VICTOR RABINOWITCH 

Executive Director, Office of International Affairs 

National Research Council 

June 1984 



Summary of the 
OIA Opinion Survey 



BACKGROUND 

In the spring of 1983, the Office of International Affairs began a 
study, supported by the National Science Foundation (NSF), of 
selected aspects of U.S. participation in various forms of international 
science cooperation. The analysis was to focus on cooperation among 
the Organisation for Economic Co-operation and Development 
(OECD) countries, examining a range of modalities of cooperation, 
factors that affect U.S. participation, and new instrumentalities or 
policies needed to meet the challenge of international science coopera- 
tion in the future. One feature of the analysis involved soliciting the 
views of a group of individuals with interest and experience in interna- 
tional cooperation. A series of questions was posed in a "survey guide" 
distributed to 125 persons, one-third in government agencies and two- 
thirds in the private sector. Forty substantive, written responses were 
received. Eight were from government agencies; on the nongovern- 
mental side, the majority of respondents were from acadernia (27 per- 
sons), the others from private firms or associations (5 persons). In ad- 
dition, about a dozen interviews took place. A listing of those who 
responded or were interviewed is attached. 

The survey questions were intentionally designed to be open-ended 
and to elicit views based on individual experiences and perceptions re- 
garding international cooperation. The approach did not reflect a 
scientific sampling methodology. Therefore, the results as presented 



this summary is simply to stimulate analysis and discussion. 



MODALITIES OF COOPERATION 

Instrumentalities of Cooperation 

Describe the major instrumentalities related to your field/dis- 
cipline/area of experience through which U.S. scientists participate in in- 
ternational science, limiting yourself to cooperation among the Western 
industrialized countries. 

The modalities of international cooperation utilized by the scientific 
community range from individual contacts, including exchange of per- 
sons and information, to collaborative research activities, contributing 
to and utilizing international journals and data bases, and participating 
in meetings (from small workshops, colloquia, and managerial 
meetings to large conferences). At the individual level, mechanisms 
such as exchange programs, fellowships, sabbaticals, lectureships, pre- 
and postgraduate training opportunities, and memberships in foreign 
professional societies are all employed. Scientists engage in interna- 
tional ventures through a variety of institutional affiliations ranging 
from those sponsored through interuniverity or interlaboratory rela- 
tionships and professional associations, to international science 
organizations, both governmental and nongovernmental. Participa- 
tion in international research projects (with their attendant meetings, 
coordinated observations, and sharing of resulting information and 
data), as well as work at international research facilities, provides im- 
portant opportunities for international science collaboration. 

The long tradition of international cooperation in science is noted. 
Interactions by U.S. scientists with the Western scientific communities 
are similar to those that occur within the domestic community. Ex- 
changes with a minimum of bureaucratic interference are preferred, 
but as the number of people, institutions, and nationalities increases, 
administrative support structures necessarily arise. 

On the governmental side, the respondents indicate modalities of 
cooperation ranging from informal, low-level arrangements to formal 
bilateral agreements with foreign governments or associations, and 
memberships or participation in intergovernmental, multilateral or- 



. . .. 

in international meetings of both scientific and administrative 
character, and contribute to and draw from publications and data 
bases. 



Objectives and Benefits 

What are the major objectives/benefits of this cooperation (i.e. , why 
do people/institutions take the time and expend the necessary resources 
to participate?) Can you identify some of the principal successes/ 
failures! 

Among the most commonly cited objectives of international collab- 
oration are: 

advancement of knowledge enhancement of the quantity and 
quality of research 

initiation and maintenance of research contacts 

fostering of information/data sharing and access to and dissemi- 
nation of research results 

establishment of standards for communication and information/ 
data exchange 

access to foreign knowledge, expertise, facilities, and instrumenta- 
tion 

avoidance of duplication of effort through time- and cost-sharing 
activities and mechanisms 

In addition to discussion of important scientific issues and efforts to 
seek solutions to particular problems, international contacts provide an 
opportunity to foster scientific fellowship, to improve understanding 
of foreign science communities and practices, and to learn new techni- 
ques and research procedures. In the earth and atmospheric sciences 
area, the very nature of the disciplines demands international coopera- 
tion. There is a strong feeling that U.S. science should be appropriately 
represented in international fora. Aside from a desire to enhance U.S. 
scientific prestige and recognition abroad, there is also a recognized ele- 
ment of personal self-interest stimulating participation in international 
activities. 
Among the most valuable programs and mechanisms are the Inter- 
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for international exchange of information and data are cited as ex- 
tremely effective, resulting in a high return on a basically small invest- 
ment. ICSU-sponsored collaborative research programs, such as those 
that developed from the International Geophysical Year, are also 
highlighted. Major disciplinary advances have come about because of 
organized, internationally endorsed research programs, and these ef- 
forts have also stimulated enhanced national funding of related 
research. 

The earthquake seminars under the U.S. -Japan Cooperation in 
Science Program, the U.S. -Japan Conference on Natural Resources 
(unfortunately limited to government scientists because of Japanese 
policy), bilateral NSF-sponsored efforts such as project FAMOUS (a 
study of the mid-Atlantic with the French), and the Deep Sea Drilling 
Project are also examples of successful international endeavors. The 
large scope and cost of the Deep Sea Drilling Project invite interna- 
tional cooperation and perhaps the most important ingredient for its 
success has been that participating countries all contribute to the cost 
of the program as well as to its scientific management. Also, the dual 
management system, in which scientific guidance comes via represen- 
tatives of academic institutions, and funding and other policy matters 
are handled at the intergovernmental level, has proven successful. 

The NATO research grants program, and NATO- and OECD- 
sponsored conferences are mentioned as contributing to effective in- 
ternational communication and cooperation. NATO and NSF fellow- 
ship programs are noted also. In addition, a portion of the Fulbright 
Senior Scholar Program provides for exchanges in science and 
technology between Western Europe and the United States. The im- 
portance of expert individuals' collaborating on specific problems is 
frequently cited. Government-sponsored physics facilities that encour- 
age international participation are, for example, essential to disciplin- 
ary progress. 

Among the factors that cause failures in international cooperation 
are poor planning, lack of knowledge of languages on either side, and 
inability to make commitments, particularly within and for reasonable 
time frames. Politicization of international organizations can also have 
detrimental effects and inhibit the achievement of technical objectives. 

The objectives and benefits cited by the government respondents 
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with domestic implications. There is overt acknowledgment of the 
foreign policy objectives of international collaboration. Several suc- 
cessful programs are cited, as, for example, the World Health 
Organization (WHO) Smallpox Eradication Program, and it is noted 
that failures are most frequently due to economic, political, or 
organizational factors. 

Quality Control 

What are the major quality control mechanisms/ procedures? What 
are the mechanisms that facilitate /inhibit actions/ results? Are there 
major policy positions or operational procedures which adversely af- 
fect program development or conduct? 

The prime factor in quality control is the peer review process which 
includes review of proposals or project statements, funding, and 
monitoring of progress, at both the national and international levels, 
as well as publication of results in review journals, and reactions to 
papers and presentations at international conferences. International 
programs that emphasize science and not politics build credibility and 
permit evaluation and resource allocation on the basis of scientific 
merit. Of course, individuals' exercising quality control can result in 
some abuses, but the scientific merit and technical competence of pro- 
grams are usually easily identifiable. 

Among the factors (randomly listed) inhibiting international 
cooperation are: 

lack of commitment to and appreciation of the value of interna- 
tional cooperation resulting in limited funds, particularly for interna- 
tional travel, and lack of interest among federal administrators, 
resulting in limited participation by federal employees 

shifting political positions and policies that can affect the 
desirability and usefulness of international activities (funding for long- 
term cooperative research can be affected by restrictive, short-sighted 
policies aimed at problems outside the sphere of science, but 
nonetheless damaging to international science cooperation) 

finding qualified personnel with the time and interest to par- 
ticipate in international programs and to develop project proposals 
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scientists (visa problems) 

restrictions on the flow and free exchange of scientific informa- 
tion, including government policy on dissemination prior to publica- 
tion in the United States 

special restrictions on foreign travel and currency exchange 

The mechanisms that facilitate cooperation are a complex mixture of 
efforts of international groups like ICSU, professional societies, 
universities, and occasional special projects (funds) for particular 
areas. Although not many facilitative aspects are identified, generally 
speaking, the more that is known about science in other countries, the 
easier it is to initiate and nurture international cooperation. 

The effect of domestic policies and priorities on international pro- 
grams is high. The agency responses indicate that international work 
flows from the regular, domestically oriented programs. In most cases, 
there are no special funds for international activities; these activities 
must, in fact, compete with domestic research budgets and be weighed 
against domestic priorities. In some instances foreign contracts must be 
considered on the basis of several criteria including exceptional scien- 
tific merit, a unique research opportunity, or inability to perform the 
work in the United States. Among some of the inhibiting factors are 
shortage of resources, difficulties of starting new activities, influence 
of political tensions, delays, cost overruns, limits on international 
travel, and the fact that redirection or cancellation of research done at 
the federal level can affect international programs. 



U.S. PARTICIPATION 

Roles and Relationships of U.S. Government and Private Sector 

Briefly characterize the roles and relationships of the U. 5. government 
agencies and private sector groups concerned (e.g. , legal responsibilities, 
degree of interest and commitment, types and amounts of support, 
channels of information, interactions in general). 

From the perspective of the nongovernmental survey participants, 
government agencies seem both interested and committed and, to the 



left to the private sector and depends on a volunteer investment of 
time and effort by individual scientists. Another respondent suggests 
that the government has two principal roles, one facilitative and the 
other active. The facilitative role is characterized not only by financial 
support for international travel, fellowships, visits, exchanges, etc., 
but government can also create a climate that encourages international 
cooperation, and can handle travel documents in a positive manner. 
The active government role involves intergovernmental and interde- 
partmental agreements for cooperation, memberships in international 
organizations, and the hosting or sponsorship of international meetings. 
Formal agreements are almost always politically motivated, and, as a 
technique for doing science, are not efficient or cost-effective; however, 
they do have value in the sense that they are a source of funds for scien- 
tific activity and can convey signals to the national community as a 
whole. The decline in travel funds and the creation of a climate restric- 
ting the flow of scientific communication mar what has been a good 
record of government involvement. 

While acknowledging the responsibilities of the government in for- 
mal intergovernmental relationships, several agency responses indicate 
the importance of relations with the private sector, including univer- 
sities, professional associations, and industries. Communication chan- 
nels are diverse and include international program offices, the publica- 
tion of formal reports, meetings, and journal reporting. 



Institutional Anchors 

What are the most helpful "institutional anchors" (e.g., universities, 
foundations, professional societies, etc.) in the United States? How is 
the United States plugged into the system? 

Federal agencies, national and industrial laboratories, universities, 
foundations, professional societies, and the National Academy of Sci- 
ences (NAS)-National Academy of Engineering (NAE)-Institute of 
Medicine (lOM)-National Research Council (NRC) complex, in- 
cluding the U.S. national committee network, are cited as prominent 
institutional anchors for international science cooperation. Univer- 



tion plus external federal financing are seen as especially effective, but 
the opportunities for shared private/public-sector responsibility are 
not fully appreciated or employed. 

The comments of those who responded to the query about how well 
the United States is plugged into the system range from "sloppy" to 
"well plugged in" (when the United States supplies the major initiatives 
and inputs); more adequate financing is seen as a prerequisite to being 
effectively plugged in. 

The agency respondents frequently cite their ties to universities and 
professional communities as well as to the NAS through NRC commit- 
tees. Also the National Aeronautics and Space Administration, 
(NASA), for example, has links to the high-technology industries, 
although the Environmental Protection Agency (EPA) is experiencing 
declining industry participation in the international environmental 
areas. 



Value of U.S. Participation 

Provide an overall assessment of the value of U.S. participation. 

All respondents indicate a high regard for active U.S. participation 
in international cooperation in terms of its value to U.S. science, to 
disciplinary progress, to the solution of specific problems, and to the 
individual participants. The political, social, and economic aspects of 
international science cooperation are also acknowledged. It is com- 
mented that all countries are depending more and more on science and 
technology and that international cooperation is an aspect that "we 
can't do without." U.S. participation in international activities is no 
longer simply altruistic, but should be approached with organized self- 
interest: There are facilities, equipment, experiences, and information 
available abroad from which the United States can benefit. 

The government respondents also note the technical benefits from 
international cooperation, the importance of establishing good scien- 
tific contacts, the contributions to international understanding, good- 
will and other foreign policy objectives, and the establishment of good 
channels of communication. The value is especially high when the 
agency initiates the activity. Another respondent states that the most 
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interesting projects are large scale and depend for solution on a 
number of countries' actively participating. 

FUTURE NEEDS/ISSUES 
Unmet Needs 

Are there needs you believe are not being met? What would be re- 
quired to improve the operation of the system? 

In addition to the most frequently cited unmet need sufficient 
resources there is a strong call for widespread and explicit recogni- 
tion and commitment to international science cooperation. (Is it 
known how much is being spent on international science coopera- 
tion?) The system needs to have more attention paid to it. This could 
involve recognition of the value of international cooperation, more ef- 
fective integration of international activities into U.S. foreign policy, 
and improved mechanisms for scientific communication and utiliza- 
tion of scientific information particularly within federal agencies. In- 
creased opportunities for travel abroad long- and short-term visits, 
international meetings, and other opportunities to follow up on poten- 
tially valuable foreign contacts, particularly for young scientists are 
especially needed. Some specific suggestions for improving the system 
include: 

stable organizations and stable funding for international coopera- 
tion (a clear prerequisite for fruitful action) 

direct, separate funding for international programs and projects 

improved management of international science cooperation, in- 
cluding clear, high-level assignment of responsibility for international 
efforts 

more regular meetings and contacts between national science 
funding agencies (e.g., establishment of recognized procedures for 
submission of international projects) 

recognition of the importance of free circulation of scientists 

establishment of a clearinghouse for information on resources for 
foreign travel 
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in general 

New Policy or Programmatic Approaches 

What new policy or programmatic approaches are being con- 
sidered, if any. Do you now have, or do you foresee, conflicts be- 
tween maintaining high-quality contacts and protecting proprietary or 
security-related information? 

Most of the respondents do not see any real conflict with protecting 
proprietary or security-related cooperation primarily because they are 
involved with basic research. It is recognized that there may be prob- 
lems in areas where the line between basic and applied science cannot 
be easily drawn. If the general atmosphere is restrictive, however, 
there is less inclination to engage in international types of activities. 
There is also the potentially damaging effect on morale and on the de- 
flection of people into alternative areas of research. The real danger is 
an overzealous reaction that could lead to the isolation of U.S. 
scientists. 

Among the suggested new policy or programmatic approaches are: 

closer relationship between national and international science 
activities 

development of new international approaches to research cooper- 
ation, sharing of research facilities, establishment of an international 
network of research facilities, construction of joint facilities, together 
with an infrastructure that would offer the opportunity of access for 
scientists from many countries, based on scientific merit and peer 
review 

contracting out cooperative efforts initiated for political purposes 
to one or more university consortia or other private groups (e.g., 
NAS) 

establishment of the IUPAP International Committee on Future 
Accelerators (ICFA) 

calling on research institutions to undertake policy-oriented 
studies with regard to international science cooperation 

None of the government agency representatives indicated that new 
policy or programmatic approaches were under consideration. How- 
ever, NASA notes that reduced-cost missions are being proposed, and 



Are these "modes of cooperation" also effective "channels of 
communication"? 

Without exception the responses are positive. There is stress on the 
importance of individual, person-to-person contacts whether in the 
governmental or private sectors. It is also noted that/ where quality 
research is actively pursued, modes of cooperation and channels of 
communication take care of themselves. The importance of the "invis- 
ible networks" of informal communication (e.g., exchanging reprints, 
sharing information, telephone contacts, etc.) is emphasized. In the 
case of large international research projects, a system that entails a 
high degree of governmental-nongovernmental cooperation is 
essential. 



LIST OF PERSONS WHO RESPONDED TO THE SURVEY 
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DONALD R. BEEM, American Institute of Biological Sciences 
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PETER CANNON, Rockwell International 

RITA R. COLWELL, University of Maryland 
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GARY GERARD, Center for Technology/Kaiser 

EDWIN L. GOLDWASSER, University of Illinois, Champaign-Urbana 
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JEROME KARLE, Naval Research Laboratory 

TAMES KILLIAN, Massachusetts Institute of Technology 



FRANKLIN A. LONG, Cornell University 

ARTHUR E. MAXWELL, University of Texas at Austin 

C. G. OVERBERGER, University of Michigan 

V. ADRIAN PARSEGIAN, Biophysical Society 

EVERETT PITCHER, American Mathematical Society 

HERMAN POLLACK, George Washington University 

CYRIL PONNAMPERUMA, University of Maryland 

CASSANDRA A. PYLE, Council for International Exchange of Scholars 

CHARLES L. RINO, SRI International 

BRYANT W. ROSSITER, Eastman Kodak Company 

WILLIAM D. SAWYER, Wright State University 

KNUT SCHMIDT-NIELSEN, Duke University 

FREDERICK SEITZ, The Rockefeller University 
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A.G. UNKLESBAY, American Geological Institute 

VICTOR F. WEISSKOPF, Massachusetts Institute of Technology 

ROBERT M. WHITE, National Academy of Engineering 

F. KARL WILLENBROCK, Southern Methodist University 

U.S. Government 
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MARK S. BEAUBIEN, Fogarty International Center 

DAVID Z. BECKLER, Organisation for Economic Co-operation and 
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WILLIAM C. BREWER, JR., National Oceanic and Atmospheric 
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FELIX DOROUGH, Bureau of Oceans and International Environmental 
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PEGGY FINARELLI, National Aeronautics and Space Administration 
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JOHN M. MARCUM, Office of Science and Technology Policy 
JAMES R. MORRISON, National Aeronautics and Space Administration 
JOSEPH F. SAUNDERS, National Cancer Institute 
DAVID H. STROTHER, Environmental Protection Agency 
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Workshop on U.S. 

Participation in International 

S&T Cooperation 



SEPTEMBER 28-29, 1983 

NAS Lecture Room 

Agenda 

WEDNESDAY, September 28 
9:00 a.m. I. Welcome Frank Press, NAS President 

II . Meeting objectives and introduction Walter A. 

Rosenblith, NAS Foreign Secretary 
III. Modalities of international S&T cooperation 

Presentations (5-10 minutes each) on selected 
forms of cooperation 

Discussion of what has or has not worked, 
under what circumstances, and why 

Chair: Walter A. Rosenblith 

12:30 p.m. Luncheon 

2:00 IV. Domestic basis of U.S. participation in interna- 



institutions \e.g., universities, professional 
societies, academies, and private industry) 
Chair: Richard J. Green 

5:30-7:00 Reception, Members' Room 

THURSDAY, September 29 

9:00 a.m. V. Competing objectives and pressures on U.S. 

policy for international S&T cooperation 

Objectives and benefits of and obstacles to 
bilateral and multilateral cooperation 

Changing conditions of international science 
cooperation 

Chair: Harvey Brooks 

12:30 p.m. Luncheon, Lecture Room 

2:00 VI. Modified or new forms of cooperation to meet 

future needs 

New policy or programmatic approaches to 
make international cooperation more effective 

Chair: Walter A. Rosenblith 

4:00 Adjournment 
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GIORGIO BOGGIO, Directorate-General for Science Research and Devel- 
opment, Commission of the European Communities 

EDWARD L. BRADY, Associate Director for International Affairs, Na- 
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Oceans and International Environmental and Scientific Affairs, 
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National Science Foundation 



National Research Council 

EUGENE KOVACH, Director, Office of Advanced Technology, Bureau 
of Oceans and International Environmental and Scientific Affairs, 
Department of State 

RICHARD A. LEGATSKI, Future Development Coordinator, Ocean Min- 
erals and Energy Division, National Oceanic and Atmospheric 
Administration 

JOHN M. LOGSDON, Graduate Program in Science, Technology, and 
Public Policy, The George Washington University 

HUGH F. LOWETH, Deputy Associate Director for Energy and Science, 
Office of Management and Budget, Executive Office of the 
President 

THOMAS F. MALONE, Chairman, Board on Atmospheric Sciences and 
Climate, National Research Council, (Treasurer, International 
Council of Scientific Unions) 

JOHN M. MARCUM, Assistant Director for Energy and Natural 
Resources, Office of Science and Technology Policy, Executive Of- 
fice of the President 

ROBERT E. MARSHAK, University Distinguished Professor, Department 
of Physics, Virginia Polytechnic Institute and State University 

ARTHUR E. MAXWELL, Director, Institute for Geophysics, The Univer- 
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WILLIAM ROBERTSON, The Andrew W. Mellon Foundation 

WALTER A. ROSENBLITH, Institute Professor, Massachusetts Institute of 
Technology, Foreign Secretary, National Academy of Sciences 
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and Space Administration 
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Lithosphere Project. 
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Graham, Loren R. 1978. How valuable are scientific exchanges with the Soviet Union? 
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tains a limited section dealing specifically with intergovernmental cooperation in 
technology. 
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Considers major trends in the international context relative to U.S. science and tech- 
nology. The chapter examines the state of U.S. science and technology relative to other 
industrialized democracies and the USSR. It also takes up transnational problems and 
opportunities as well as those S&T problems that are truly global in nature. 
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Scientist 66:20-29. 

Nye, J., and R.O. Keohane. 1971. Transnational relations and world politics. International 
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categories of "global interactions" through which transnational relations take place. 
Identifies some of the more salient effects of transnational relations on interstate poli- 
tics, including impacts related to science and technology. 

Office of Science and Technology Policy in cooperation with the National Science Founda- 
tion. 1982. International cooperation in science and technology, pp. 52-58. In Annual 
Science and Technology Report to the Congress: 1981. Washington, D.C.: U.S. Govern- 
ment Printing Office. 

Examines the state of international cooperation in science and technology in the broader 
context of U.S. and S&T development. This chapter considers the changing characteris- 
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on international S&T cooperation. 
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Economic Policy. Paris: OECD 

Organisation for Economic Co-operation and Development. 1981. Science and Technology 
Policy for the 1980s. Paris: OECD. 

Contains the four reports discussed at the ministerial-level meeting of the OECD Com- 
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in the member countries; technological innovation and the economy; impacts of science 
and technology on society in the 1980s; and trends, problems, and prospects for inter- 
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TECO(84)2; Scale 2. Paris: OECD. 

Summarizes the proceedings of the Workshop on Technological Innovation Policy in 
Less Industrialized Member Countries, held in Dubrovnik, September 21-23, 1983. 
Considers the principles of innovation policy as well as the methods and measures for 
action. Describes various types of international cooperation between the OECD and the 
less developed countries. 

Organisation for Economic Co-operation and Development, Committee for Scientific and 
Technological Policy. 1984. High Level Conference on International Co-Operation in 
Science and Technology Among OECD Member Countries. SPT(84)6; Scale 2. Paris: 
OECD. 

Reports on the discussions of the three Working Groups of the High Level Conference 
on International Co-operation in Science and Technology Among OECD Member 
Countries. 

Ozdas, M.N. 1977' Science, technology and international cooperation. NATO Review 
25:20-25. 

Identifies new factors which increase the need for international cooperation in S&T. 
Focuses primarily on the special role of NATO S&T activities. 
Pirages, D. 1978. New Context for International Relations: Global Ecopolitics. Boston: 

Duxbury Press. 

President's Commission for a National Agenda for the Eighties, Panel on Science and Tech- 
nology. 1980. Science and Technology: Promises and Dangers in the Eighties. Washing- 
ton, D.C.: U.S. Government Printing Office. 

Sets forth the views of a special panel established as part of a presidential commission 
created under the Carter administration. The report first offers a historical perspective 
on the origin of federal responsibilities in science and technology. It then addresses a 
variety of new challenges involving science and technology in the 1980s, including 
changes in the prevailing world order. 

Press, F. 1981. Science and technology in the White House, 1977-1980. Science 211:249-256. 
The second of two articles examining the role and objectives of the Office of Science and 
Technology Policy (OSTP) during the Carter administration. This article focuses on 
OSTP activities related to national security and foreign policy, space, energy and envi- 



cooperation among the Atlantic allies. 
Rotblat, J. 1967. Pugwash The First Ten Years. New York: The Humanities Press. 

Recounts the efforts to develop a private, nongovernmental channel for scientific com- 
munication on pressing international issues such as arms control and disarmament. 
Ruggie, J.G. 1975. International responses to technology. International Organizations 
29(3):557-584. 

Presents a framework of analysis for understanding the role of various international or- 
ganizations in managing S&T-related activities. Examines the range of international re- 
gimes and organizations that have developed to meet specific needs. 
Rycroft, Robert W. 1982. International Cooperation in Science Policy: The U.S. Role in 
Megaprojects. Prepared for Office of Special Projects, National Science Foundation. 
Unpublished. 

Examines the U.S. role in Big Science projects in an era in which the United States is no 
longer dominant to the same degree that it once was. Considers emerging new issues 
and needs for the 1980s. 
Sagafi-rejad, T., and R. Maxon, eds. 1980. Technology Transfer Control Systems. New 

York: Arts and Sciences Press. 

Salomon, Jean-Jacques. 1964. International scientific policy. Minerva, Summer 1964. 
pp. 411-434. 

Discusses the problems of policymaking in international science from both a govern- 
mental and nongovernmental perspective. 

Schatz, Gerald S., ed. 1974. Science, Technology and Sovereignty in the Polar Regions. 
Lexington, Mass.: Lexington Books. 

Papers from an NAS colloquium that deal with transnational S&T in the polar region 
and various legal implications. 
Scott, John T. 1975. International cooperation in physics. Physics Today 28:69-21. 

Discusses the implications of the fact that the United States is no longer preeminent in 
the field of physics. Presents the views of those from universities, industry, and the 
government. Considers the value of the national laboratories. 

Sewell, James P. 1973. UNESCO: pluralism rampant. In Robert W. Cox and Harold K. 
Jacobson, eds. The Anatomy of Influence, New Haven : Yale University Press, pp . 138-174. 
Examines the functions, structures, and decision-making processes of UNESCO. Anal- 
ysis of the "actors" who participate in UNESCO, policy decisions, and the sources of 
influence. 

Shaffer, Stephen M., and Lisa Robock Shaffer. 1982. The Politics of International Cooper- 
ation: A Comparison of U.S. Experience in Space and Security. Monograph Series in 
World Affairs, Graduate School of International Studies, Vol. 17, Book 4. Denver, 
Colo.: University of Denver Press. 

Describes and compares U.S. international cooperation in space with similar involve- 
ment in the area of defense. Examines the role of international cooperation in U.S. 
foreign policy and the salient distinctions between the two areas. 

Skolnikoff, Eugene B. 1972. The International Imperatives of Technology. Research Series 
No. 16, Institute of International Studies. Berkeley: University of California Press. 
A comprehensive treatment of the various international regimes established to deal 
both with old and new scientific and technological problems. The functions and effec- 
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Center for International Studies. 

Paper prepared originally as part of a project for the Commission on the Organization 
of the Government for the Conduct of Foreign Policy. Provides an illustrative history 
and analysis of the post-World War II organization of the U.S. government for the con- 
duct of foreign policy .involving science and technology. Key factors relevant to the 
policy process are highlighted. 

Skolnikoff, Eugene B. 1975. Policy Process for Space Satellites. C/75-20. Cambridge, 
Mass.: MIT Center for International Studies. 

Paper prepared originally as part of a project for the Commission on the Organization 
of the Government for the Conduct of Foreign Policy. Considers the nature of the space 
domain and the need for international cooperation. Assesses the effectiveness of inter- 
national organizations and the interests of the U.S. government. 

Smith, Philip M. 1981. The role of the Dry Valley Drilling Project in Antarctic and inter- 
national science policy. Antarctic Research Series 33:1-5. 

Analyzes the organization, development, and management of the Dry Valley Drilling 
Project in terms of the lessons they might offer for similar projects in the future. A num- 
ber of research management principles are identified. 

Spiegel-Rosing, Ina, and Derek de Solla Price, eds. 1977. Science, Technology and Society: 
a Cross-Disciplinary Perspective. Beverly Hills, Calif.: Sage Publications. 
This volume contains the work of 17 contributors from nine disciplines and six different 
countries who address the critical interdisciplinary questions regarding scientific and 
technological development in the modern world. Of particular interest are chapters by 
Brigitte Schroeder-Gudehas, "Science, Technology and Foreign Policy," and Eugene 
Skolnikoff, "Science, Technology and the International System." 

Sullivan W.L. 1979. Future of international cooperation in marine science and technology. 
Marine Technology Society Journal 13(3):24-29. 

Traces the history of efforts to reach accommodations both legal and otherwise re- 
garding the use of waters lying inside a nation's territorial zone. Considers the problem 
for excessive politicization of organizations developed to deal with these issues. Examines 
some of the implications of a breakdown in the Law of the Sea (LOS) process. 

Tisdell, C.A. 1981. Science and Technology Policy: Priorities of Governments. London: 
Chapman and Hall. 

Discusses the role of science in international affairs, including the rationale for govern- 
ments to invest in international research commitments. 

Tolley, George S., ed. 1979. International Science and Technology: The Policy Gap. 
Chicago: Chicago Council on Foreign Relations. 

A collection of papers sponsored by the Chicago Council on Foreign Relations in the 
spring of 1978 on the subject of international science and technology. Of particular in- 
terest are papers by Robert R. Wilson, "Toward a World Accelerator Laboratory," and 
by Thomas Veach Long, "International Cooperation and Efficient Transfer of Techno- 
logical Information." 

U.S. Congress, House Committee on International Relations. 1976. Science, Technology 
and American Diplomacy. Prepared by the Congressional Research Service. Washing- 
ton, D.C.: U.S. Government Printing Office. 
This volume represents the culmination of 7 years of research undertaken by the Con- 



ing topics such as "The Evolution of International Technology," "U.S. Scientists Abroad," 
and "Science and Technology in the Department of State." Principal policy implications 
derived from this comprehensive treatment are also presented. 

Walsh, J. 1977. United States-West European cooperation in science seems to be declining. 
Science 198:175-177. 

Presents the preliminary results of a number of separate analyses that apparently indi- 
cate a decline in the frequency of cooperation between U.S. and West European re- 
searchers. Some of the most significant implications of the decline are considered. 

Webster, JJ. 1977. International cooperation in science and technology. Search 8(4):94-95. 
Discusses international cooperative efforts in S&T between Australia and the United 
States (as well as other states). 

White, Robert M. 1982. Science, politics, and international atmospheric and oceanic pro- 
grams. Bulletin of the American Meteorological Society 63:8. 

Paper presented originally as the Fifth Donald L. McKernan Lecture in Marine Affairs 
analyzes the scientific and political aspects of the World Climate Program (WCP) and 
its predecessor, the Global Atmospheric Research Program (GARP). Distinctions be- 
tween the GARP and the WCP are highlighted and future needs are identified. 

Yeager, Joseph A. 1981. International Cooperation in Nuclear Energy. Washington, D.C.: 
Brookings Institute. 

Analyzes the international measures that might be taken to reduce incentives to acquire 
national reprocessing or enrichment facilities. It also considers means of channeling the 
development of reprocessing capacity, controlling separated plutonium, and achieving 
a consensus on the terms of trade in sensitive nuclear materials. Possible new interna- 
tional arrangements including a nuclear fuel bank are explored in detail. 



